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RE PO ROT 


OF AN 


INVESTIGATION OF THE VENTILATION of the 
DEBATING CHAMBER OF THE HOUSE OF 
COMMONS, and RECOMMENDATIONS with view to 
the Improvement of the same, by M. H. GORDON, 
M.A., M.D., B.Sc. 





TO THE RIGHT HONOURABLE THE LORD WINDSOR, 


His Magesty’s First CoMMISSIONER OF WoRKS. 


My Lorp, 


I Have the honour to submit to you the report of an investigation 
which [ have made at your request of the ventilation of the Debating Chamber 
of the House of Commons. 


The details of the scope of the investigation were decided upon after 
consultation with Sir Michael Foster, and throughout its course he has 
constantly increased the value of the enquiry by his experience and advice. 


The investigation, which was carried out between May and August last, 
on occasions when the Debating Chamber was in use, has had for its principal 


object the determination of the quality of air supplied to the Debating Chamber 


by the method of ventilation adopted. Secondly, some observations have been 
made of the juantity of air being passed through the Chamber. Thirdly, so 
far as circumstances permitted, an “attempt has been made to determine the area 
of inlet and outlet actually operative within the Chamber under present 
conditions. 


The observations of the quality of the air which I undertook to make were 
primarily of a bacteriological description. As the investigation proceeded, 
however, it became plain that the value of the enquiry would. be increased by 
subjecting the air to chemical observations in addition. I therefore obtained 
the co-operation of W. H. Hurtley, D.Sc., Demonstrator of public health 
chemistry at St. Bartholomew's Hospital, and have the honour to submit in 
appendix the report which he has made of the quality of the air from a chemical 
standpoint. 


In addition to these bacteriological and chemical investigations, the 
temperature of the air, its relative humidity, and its evaporative power, have 
been under observation. A further quality of the air which it seemed of: interest 
to ascertain was the proportion of dust particles contained in it. John Aitken, 


LL.D., F.R.S., who has made this subject particularly his own, when passing | 


through London ona recent occasion, volunteered to visit the House of Commons 
with me and examine the air with an instrument he has devised for the purpose 
of estimating the number of dust particles in a measured volume of air. Dr. 
Aitken’s account of his observations on that occasion, and some criticisms and 
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suggestions which he has added concerning the ventilation of the Debating 
Chamber, are also appended. I may add that Dr. Aitken speaks with great 
authority on the subject of dust particles in air, he having been the first to 
demonstrate that fog is due to the condensation of moisture upon these particles, 
and likewise the first to invent a method of counting them. 


Full particulars of all the several observations to which I am referring, and 
of the inferences to be drawn from them, are contained in the larger report 
which I have the honour to submit to your Lordship in the form of an appendix 
to this one. Here it will be my task to deal only with the chief facts which have 
been made out, and especially to offer such recommendations for the improve- 
ment of the ventilation as in view of these facts appear to be desirable, and in 
the circumstances possible. 


The object of artificially changing the air of an occupied room being to preserve 
the vigour, comfort, and health of the inmates of such room, the efficiency of a 
particular process in use in a given case for attaining this end must be thought 
of according as it prevents fatigue, discomfort, or disease of these persons that 
may reasonably be attributed to the air of that room. As the vital activity and 
tone of every portion of the human body is intimately and continuously 
dependent upon the supply of oxygen and on the removal of carbon dioxide, 
that is to say upon that body’s ventilation, and as these subsidiary processes are 
in turn all dependent upon the exchange of gases between the blood and the air 
effected by the act of breathing, it follows that the application of a given process 
of artificial ventilation to an inhabited room is in reality an exceedingly delicate 
physiological experiment. 


There can be little doubt that the Debating Chamber of the House of 
Commons is one of the most difficult of all public buildings to ventilate, 
chiefly because of the long hours during which it is continually in use when 
the House is sitting, but also because of the varied extent to which during a 
sitting the Chamber is occupied. It is therefore, @ priori, probable that if a 
weakness existed in the ventilation of the House as a whole, in the Debating 
Chamber if anywhere such weakness would most readily become manifest. 
The history of the attempts to ventilate the Debating Chamber of the House 
of Commons shows that this probability has been realised. It has been said 
that the history of ventilation begins with the attempts at ventilating the 
Houses of Parliament in 1660 by the Architect, Sir Christopher Wren, and 
that as almost every device has been tried in these halls at one time or other, 
the history of the attempts would be almost equivalent to a history of the art 
of ventilation. At the present time a visit to the air courses of the Debating 
Chamber shows evidence on many sides of continual and sometimes costly 
attempts in the past to improve the ventilation of the building. With regard 
to intake alone no less than three different sources for the air have been tried. 
It is clear, therefore, that the conditions of efficient ventilation have not in the 
past been satisfactorily fulfilled with regard to the Debating Chamber, and that 
the system at present in use represents no more than a stage in the evolution 
of its ventilation. 


The results of the present investigation of the ventilation of the Debating 
Chamber will be dealt with according as they refer to (1) the quality of the 
air supplied and of that withdrawn ; (2) its quantity in each instance ; and (3) 
its distribution within the Chamber. 


(1)—Tue Quatitry or THE AIR. 


The technique of the ordinary chemical and physical methods used in examin- 
ing air is so well known that there is no need for special description of them. On 
the other hand, the bacteriological tests applied in the present enquiry have been 
only recently devised, and it is therefore needful to briefly refer to the basis 
upon which these tests rest. 
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The principal object of a bacteriological examination of air supplied to an 
inhabited room is to determine the degree of the liability of that air to be 
charged with micro-organisms capable of producing ‘disease in man, and 
especially the degree of its liability to be charged with micro-organisms capable 
of producing such result when inhaled. But while of the greatest significance 
when found, the detection of specific pathogenic micro-organisms in air is so 
difficuit and uncertain that failure to detect them even after a careful search does 
not necessarily imply their absence. Now an attack of infectious disease 
commonly arises by transmission more or less direct of infection from person to 
person, and it has been proved that the materies morli is especially apt to 
be conveyed in particulate matters derived from mouth or intestine 
respectively. By reason of the fact that in the mouth (inclusive of the 
air passages) and intestine certain micro-organisms possessed in each case of 
well defined differential characters, are normally present in large numbers, the 
presence of such micro-organisms in air may be applied to serve as indices by 
means of which particulate matter derived from either source can be identified. 


Generally speaking, particulate matter expelled from the mouth or dis- 
charged from the intestine of animals is less liable to convey disease to human 
beings than similar materials derived from man. But as there are several 
diseases of animals communicable to man, the risk to man from matters 
emanating from lower animals may be by no means unreal. The micro- 
organisms significant of particulate matter derived from the intestine of man are 
also found in similar material derived from the horse and some other animals. 
As regards the micro-organisms significant of the presence of particulate matter 
emanating from the mouth of man, no sufficiently exact data are yet available 
with regard to corresponding micro-organisms from the mouths or air-passages 
of lower animals. 


In the present investigation of the bacteriological quality of the air of the 
House of Commons, therefore, the air has been specially examined for micro- 
organisms significant of the presence of particulate matter derived from mouth 
or intestine respectively, the importance of such micro-organisms consisting in 
the evidence they afford of the liability of the air to be charged also, on occasion, 
with particulate matter containing micro-organisms of disease. 


In the course of the present enquiry there wax occasionally recovered from 
the air a micro-organism that became of considerable importance owing to the 
fact that it was found to be frequently brought in from the outside upon 
Members’ boots. The micro-organism in question, B. mycoides, is characteristic 
not of animal material, but of soil, and accordingly it serves as a means by 
which the presence in air of even minute particles of soil may be identified. 
Although not comparable to the micro-organisms of animal origin, therefore, as 
an index of the access of specific pathogenic micro-organisms, B. mycoides has 
nevertheless proved of use as affording evidence of the presence of material from 


without brought within the House upon Members’ boots. 


In the bacteriological examination of the air in the present instance, the 
method adopted has been to expose in the process of sedimentation of air sterile 
culture media for a stated time, and subsequently to incubate these media at a 
temperature favourable to the growth of bacteria that may have become deposited 
upon them. Under such conditions the micro-organisms deposited from the 
air upon the surface of the medium develop into colonies visible to the eye, and 
the number of these colonies is proportionate to the number of micro-organisms 
deposited from the air during the exposure. The medium used to determine 
the general bacterial incidence, viz., agar, afterwards incubated at 20° C., was 
favourable to the development of B. mycoides should that micro-organism be 
deposited from the air during exposure of the plate. 


After preliminary determination of the general bacterial deposit at a given 
point as compared with like deposit at other parts of the airway, the question 
of the presence in the air of bacteria significant of particulate contamination 
derived from mouth or intestine respectively, has been investigated hy exposing 
to the air various kind of culture media, viz., neutral red broth, Drigalski’s 
medium, and agar afterwards incubated at 37° C., media that is which are 
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favourable to the growth of bacteria of the class in question if they are present 
in the air, and are being deposited therefrom during exposure of the plates. — 


designed to collect them. 


In addition to means adopted for the detection of bacteria from mouth and 
bowel, a detailed search for pathogenic micro-organisms has been made in course 
of the present enquiry, and the results in this connection are fully described in 
sub-section 5 of the bacteriological report. 


The chief results of the examination of the quality of the air will now be 
described. 


(A).—Air entering the inlet. 


The first matter necessary to be considered in reference to the existing 
system of ventilation of the Debating Chamber is the quality of the air at the: 
inlet. There can, I think, be no doubt that the air of the terrace is remarkably 
fresh to the subjective senses, and that therefore it is as well suited for the 
supply of the Debating Chamber as any in the neighbourhood of the building. 


A series of bacteriological observations of air entering the inlet showed. 
that rainfail had a distinct influence on the abundance, or otherwise, of bacteria 
of all sorts to be obtained from it ; the number of bacteria deposited by the 
incoming air being diminished in wet weather. No evidence was obtained of. 
the presence of particulate contamination derived from the mouth in air entering 
the inlet. It was found, however, that air entering at the north inlet was liable — 
to be polluted by material of intestinal origin—probably horse-manure—derived. 
from the boots of persons walking over the grating on the terrace fixed above 
the inlet in question. With this exception, the air at the inlet showed 
exceedingly little evidence of being charged with particulate impurity of a kind. 
we at present recognise as liable to be associated with matter that can convey 
disease. 


Dr. Hurtley made a very thorough chemical examination of the air entering 
the inlet and has fully dealt with the results obtained by him. He found the 
air to be normal for town air as regards oxygen and carbon dioxide. Ozone 
was absent, and tests led him to conclude that even were small quantities of 
ozone present in the air at the inlet they would not reach the Debating 
Chamber. For the rest, he found traces of substances that in appreciable 
amount would certainly be injurious, though they were present in such small 
quantities as to be probably harmless to a normal human being. The single 
exception he makes to this statement is with regard to organic matter, and he 
does so on the ground that it may contain pathogenic micro-organisms. The 
bacteriological results which I record supply the requisite information upon this 
matter. An important observation was made by Dr. Hurtley with regard to the 
purifying action upon the air exercised by the fine rainlike spray in occasional 
use at the inlet for moistening the air. 


Dr. Aitken’s observation with regard to the number of dust particles in 
the air at the inlet led him to infer that its quality in this respect was good, for 
the air of a town. 


(B).—Air entering the Debating Chamber. 


During debates, the number of bacteria deposited from the air of the 
Equalising Chamber showed a marked increase at certain points corresponding to 
gratings in the roof thereof which constitutes the floor of the Debating Chamber. 
The excess of bacteria at these points was due to showers of debris falling 
through the gratings from Members’ boots. The increase in the bacterial 
deposit from this cause was most marked below the portion of the centre gangway 
between the Bar and the Lobby door at that end of the Debating Chamber, and, 
to a less extent, behind the Speaker’s Chair and below the side gangways. No 
evidence was forthcoming that the air of the Equalising Chamber below the 
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Debating Chamber was contaminated by particulate material derived from the 
mouth*. On the other hand, the chief pollution found to be brought in on 
Members’ boots and imparted to the air below the floor of the Debating Chamber 
was particulate material of intestinal origin—derived in all probability from 
horse-manure. 


Air supplied to inhabited rooms in this country should have a temperature 
of between 60° and 65° F. The average temperature of the air of the 
Equalising Chamber was 63° F., and therefore, in this respect, the air was found 
to be entirely satisfactory. The same, however, cannot be said with regard to 
another physical quality of the air supplied to the Debating Chamber, namely, 
its relative humidity. Air supplied to inhabited rooms in this country should 
contain moisture to the extent of between 70 and 80 per cent. of saturation 
(de Chaumont); preferably between 73 and 75 per cent. of saturation 
(Wilson). Under the present system the humidity of the air of the Equalising 
Chamber was found to average 63 per cent. of saturation. The air supplied 
to the Debating Chamber, therefore, was altogether too dry. There is reason to 
believe that this relative dryness of the air supplied to the Debating Chamber 
has had much to do with the complaints of Members in the past with regard to 
the enervating effects of sustained attendance on debates. Complaint has also 
been made as to the “ want of freshness” of the air of the Debating Chamber ; 
and consequently it is of interest to note that a striking difference was found 
when air entering the Debating Chamber was compared with fresh air 
entering the inlet from the Terrace both as regards humidity, and also as 
regurds capacity for absorbing moisture. The mean of a number of hygro- 
metrical observations at both parts of the airway showed that the per- 
centage of humidity of fresh air at the inlet was 71 per cent. of saturation 
as compared with 63 per cent. shown by the air in the Equalising Chamber. 
As regards capacity for absorbing moisture, however, the difference was 
found to be still more marked. The vapour required to saturate a cubic 
foot of fresh air at the inlet was 1°6 grains, whereas the amount required to 
saturate a cubic foot of air entering the Debating Chamber was 2°4 grains. 
This difference is due to difference of temperature between the incoming air and 
the air delivered to the Debating Chamber. It follows that under the present 
system, in which it is omitted to moisten the air after raising its temperature, 
the average capacity for absorbing moisture possessed by air entering the 
Debating Chamber has been found to be 50 per cent. above that of fresh air 
entering the inlet from the Terrace. 


(C.)—Air passing out of the Debating Chamber. 


It has been found that when the Debating Chamber is in use, the number 
of bacteria deposited from air leaving the Debating Chamber was increased as 
compared with the number obtained from corresponding air when the Chamber 
was empty. The chief bacterial contamination detected in air leaving the 
Debating Chamber during debates was due to the presence therein of micro- 
organisms disseminated from the mouth and upper respiratory passages of 
persons speaking, coughing, sneezing, etc., within the Debating Chamber. 


In the course of the examination of air leaving the Debating Chamber 
bacteriological evidence was also occasionally obtained of the presence therein 
of particulate material of the same class as that brought in from the outside 
upon Members’ boots. The evidence, in fact, served to emphasise the advis- 
ability of excluding to a greater extent than at present’ pollution of the air of 
the Debating Chamber from material brought in upon Members’ boots. 





* It is possible, nay probable, that further investigation might reveal a:certain amount 
of pollution from sputa brought in from the pavements. When the enquiry was in progress, 
however, I noticed two things. First, sputa are not so common on the pavement in the 
immediate vicinity of the Debating Chamber as they are in some other parts of the 
Metropolis, Secondly, Members frequenting the Debating Chamber, as a class keep their 
boots remarkably clean. I have no hesitation in saying that with an ordinary assembly 
of similar numbers much more dirt would be brought in. But as it is, the pollution 
undergone by the air from this cause was quite serious enough. 
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The chemical evidence showed that, as regards carbon dioxide, air passing 
out of the Debating Chamber during debates was remarkably pure for air 
coming from an inhabited room. The diminution of the oxygen was also 
small. As regards these two gases therefore the air of the Debating Chamber 
was entirely satisfactory. 


Ktegarding as a whole the evidence of the quality of the air, it may be said 
that faults have been proved to obtain in four respects, one physical and three 
bacteriological. In the first place, the air supplied to the Debating Chamber 
under the present system is altogether too dry. Secondly, air entering at the 
north inlet is liable to be polluted by dirt aspirated off the boots of persons 
walking over the grating fixed above this inlet. Thirdly, the air below the 
floor of the Debating Chamber is polluted by bacteria derived from members’ 
boots, and, fourthly, the air of the Debating Chamber itself is contaminated by 
material derived from the mouths and upper respiratory passages of persons 
speaking, coughing, or sneezing within it. 

Index-experiments with the harmless but readily recognised micro- 
organism B. prodigiosus were carried out in order to determine the extent to 
which the air of the Debating Chamber is liable to be polluted by material 
brought in from the outside on boots, and secondly contaminated by material 
sprayed from the mouth in performance of the act of loud speaking. arth 
infected with B. prodigiosus and deposited outside the Debating Chamber at 
a point 576 feet from the Bar was found to have been brought in upon Members’ 
boots ; it was recovered from air below the Bar. In the speaking experiments 
which were made with the ventilation off and on respectively, it was found that 
so far from removing the particulate contaminating matter sprayed from the 
mouth in performance of the act of loud speaking, the effect of the ventilation at 
the time the experiments were made was merely to permit distribution of such 
material over a larger area in the Chamber than had been the case in a previous 
experiment when the ventilation was off. The importance of this form of 
contamination, of the presence of which evidence was also constantly obtained 
when examining the air leaving the Debating Chamber during debates, lies in 
the fact that certain infectious diseases are liable to be transmitted as a result of 
dissemination of their infection in air, notable instances being influenza and 
infectious colds. 


(2.) Tur Quantity oF AIR SUPPLIED TO AND OF THAT REMOVED 
FROM THE DEBATING CHAMBER. 


The quantity of air indrawn by the fan at the time that the investigation 
was made was insufficient to meet the requirements of the Debating Chamber 
when crowded during a fully attended debate. But I am informed that the 
more powerful fan now in use will be capable of supplying an amount of air 
ample for this purpose.* 

The quantity of air extracted at the level of the ceiling at the end of the 
Debating Chamber over the Ladies’ Gallery was found to be insufficient. 


(3.) DisrripuTIoN oF THE AIR SUPPLIED BY THE VENTILATION, 


Observations of the air passing upwards through various parts of the 
Equalising Chamber below the floor of the Debating Chamber gave strong 
ground fer suspecting that, under the present conditions, the air delivered into 
the Debating Chamber is by no means satisfactorily distributed to the benches 
and seats on the floor of the House. 


In the preceding paragraphs I have indicated the chief faults which have 
been found in the ventilation of the Debating Chamber. The remedies which 
I venture to suggest in view of these faults are described in the following 
recommendations. 





* Dr. Boswell Reid found by experience that 50,000 cubic feet of air per minute was 
hardly sufficient to meet the requirements of the Debating Chamber of the temporary 
House of Commons when crowded. The maximum quantity of air supplied by the fan in 
August, 1904 (110 revolutions) was considerably below this amount. 


RECOMMENDATIONS. 


A.—WitTH REGARD TO THE INLET AT THE TERRACE. 


There can be no doubt that the present air intake would be improved by 1-—The 

raising the inlet a few feet and at the same time widening it. The difficulty, Me 
however,, is to do this without interfering with the appearance of the building. 
A systematic survey of the structure of the building at this point might, perhaps, 
lead to the discovery of some way in which these ends could be attained without 
unduly interfering with the facade. If it could be done, a good plan would be to 
draw the air in through some opening already existing above the level of the 
terrace. In any case, traffic over the north inlet should be abolished. 


In view of Dr. Hurtley’s observations, I would recommend that the fine ?-—The 
spray at present in occasional use for moistening the air at the inlet should *P! 
always be employed in the future for the purpose of purifying the air passing 
through the airway. 


B.—WitH RErGARD TO THE AIRWAY BETWEEN THE TERRACE AND THE 
EQUALISING CHAMBER. 


Owing to the fact that the fan which draws in the air from the terrace is 3.—The 
separated from the inlet by a distance of about 100 feet ofairway, and also owing Peele oF 
to the resistance to the inflow of air offered by the comparatively small size of the ““""* 
present inlet, there is a great tendency for air in the basement and engine rooms 
which abut on the airway in this interval to be drawn into the air-stream 
passing to the Debating Chamber. The air in the engine rooms and basement 
contiguous to the airway in question is, in my experience, somewhat “ stuffy ” ; 
at any rate it is undesirable that any of this engine room air should be drawn 
into the airway and passed to the Debating Chamber. There are three wooden 
doors into the airway between the fan and the inlet. One of these doors gives 
access to the airway from the basement under the Central Hall, the others are 
situated on either side of the airway near the inlet. The door giving access 
from the basement under the Central Hall is a double one contrived on the 
principle of a river lock. No special means are in use to make these two doors 
airtight. The other two doors, one on each side of the airway near the inlet, 
are also not airtight. Moreover, when the House is sitting, and a stream of 
fresh air is being drawn by the lan along the airway towards the Debating 
Chamber, occasionally one of these doors near the inlet is opened for the purpose 
of passing a policeman, or perhaps a workman, across the airway. Though 
traffic in this sense is infrequent, every time the doors open air from the basement 
and engine rooms must needs be drawn into the air stream and forwarded to the 


Debating Chamber. 


I am of the opinion that all three of these doors should be abolished or at 
least should be made absolutely airtight. In any case no one, policeman or 
other, should be allowed to pass across the airway when the House is sitting. 


If it be determined that the doors that are in question be made as airtight 
as possible, their imperviousness to air should, when this is believed to have 
been accomplished, be proved when the House is not sitting by generating 
hydrogen sulphide gas on that side of them in each instance without the airway 
for the purpose of testing by the sense of smell whether or not the gas thus 
generated can find entrance within the airway. The smoke test could be used 
as well, but hydrogen sulphide is far the more delicate test, and therefore the 
more trustworthy. 


The need for imperviousness of the airway between fan and inlet is 
increased now that the fan power is greater. On the other hand, the outward 
leaks located between the fan and the Equalizing Chamber are of less importance 
than when the fan power was less. I have indicated the places where these 
outward leaks were localised, in Section VII. of the Appendix. 
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C.—Witrn REGARD TO THE DEBATING CHAMBER. 


I would recommend that shallow pans of water should be suspended in the 
Battery Chamber over the heating apparatus in order that the increased 
avidity for moisture that air obtains through its temperature being raised 
should be satisfied. Further details of the process suggested for the purpose 
of moistening the air after it is warmed are given in Section VI. of the 
Appendix. . The pans and water should be kept absolutely clean, and should be 
examined as a matter of routine every day before the Ventilation is started. 


Possibly, wet mats suspended in the Battery Chamber may be found useful 
for moistening the air. It would also be an advantage to use warm water for 
moistening the air. The question of these and other details, however, can only 
be decided by experiment upon the spot. 


After the air has been warmed and moistened, means should be taken for 
ensuring the uniformity in these respects of all the air passed upwards into the 
various parts of the Debating Chamber. 


That all steam pipes passing through the airway between the inlet and the 
floor of the Debating Chamber be covered with asbestos or suitable composition, 
so that these irregular sources of increased temperature should be isolated from 
the air as much as possible. There is a steam pipe in the cotton wool filter 
under the Speaker’s chair, another in the Equalising Chamber going to the 
Treasury Bench, and in the Battery Chamber under the Government side of the 
Debating Chamber and over the Commons’ pipe vault area number of steam 
pipes. Ail of these steam pipes shouid be screened from the air as much as 
possible. 


That by means of numerous hygrometers the humidity of the air and its 
capacity for absorbing moisture* should be observed and controlled throughout 
the Equalising Chamber, Debating Chamber, and Division Lobbies as regularly 
and systematically as the temperature now is. It is of great importance to have 
a large number of hygrometers in use, and to observe them frequently. 
Further, it is as important to prevent the air of the Debating Chamber becoming 
too damp as it is to prevent its being too dry. 


x 


That, with view to diminishing the lability of the air of the Debating 
Chamber to be polluted by material continually being brought in upon Members’ 
boots, a tray be, as a make-shift arrangement, placed beneath the grating of the 
centre gangway between the Bar and the Lobby door under the clock. This 
tray should be in close apposition to the grating so as to prevent particles of dirt 
being carried up by the air currents. An alternative plan, also make-shift, 
would be to place a movable metal plate over the top of the grating and under 
the present matting. The exact spot should be determined on by observing 
where the traffic at this point is most active during use of the Chamber. What- 
ever remedy is temporarily adopted here might also be applied behind the 
Speaker’s Chair and perhaps under the side gangways. 


It may be added that a considerable amount of dirt falls through the floor 
of the Division Lobby between the entrance to the Debating Chamber, from the 


Common’s Lobby, and the folding door under the clock of the Debating 
Chamber. 


It is necessary to insist that any arrangement such as is above indicated 
should be regarded as temporary only: it would necessarily operate to diminish 
the area of air entry. As, however, there is reason to think that in order to 
remedy the faults in the present distribution of the incoming air through the 
floor it will be necessary to increase the resistance to the up-flow of air through 
the gangways, it is possible that the prevention of pollution of the air from 
material brought in upon Members’ boots, and also the prevention of air-waste, 





* These two qualities of the air should not be confused. A cubic foot of air con- 


emt 79 to 76 per cent. of humidity -absorbs, at 40° F., ‘7 grain of water, but-at 80° F. 
ei grains, 
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may be combined in the same remedial measure. But before the exact form of 
that remedy can be arrived at, it is first necessary to carry out an investigation 
of the present distribution of the air over the floor area. 


While there cannot be any doubt that so far as the gaseous products of 8.—Par- 
respiration are concerned, the upward system of ventilation as in use in the asia 
Debating Chamber at the present time is not open to objection, it is equally ie 
clear from the results of this investigation that so far as particulate contamina- breath. 
tion by material given off in the breath is concerned, the existing upward 


system cannot do away with it. 


Several new buildings are now being supplied with downward ventilation. 
Unbiassed and detailed evidence of the value or otherwise of this system is not 
available, but an investigation on lines such as I have adopted could be made, 
and useful, perhaps valuable, information obtained. I venture to submit that, 
in view of the unsatisfactory results of the’ present conditions at the Debating 
Chamber, some better means of dealing with the particulate contamination to 
which the air is continually subjected during debates is desirable, and that such 
better means should be sought diligently. 
9.—Disiri- 


That the distribution of the incoming air through the floor of the ae 
ution. 


Debating Chamber be determined in detail and that measures be taken for 
ensuring that the air is directed equably to the parts where it is required. 
In Section IX of the Appendix I have pointed out how this can be done. 


I may here add that from Dr. Boswell Reid’s book on ventilation, a copy Object of 
f which I have only recently b bl btai it has long b fe 
oO 1¢ e only recently been able to obtain as 1t has long been out OF po aisin 
print, it is quite plain that he designed the present Equalising Chamber of the Onan bei 
House of Commons “ that local currents, otherwise apt to form unequal eddies, 


might be broken, and terminate in a uniform supply to every part of the floor.” 


Dr. Reid used hair matting on the floor of the Debating Chamber in order 10.—The 
to increase the diffusion of the air passing up through perforations in the floor. matting. 
The hair matting he caused to be changed daily. It is worthy of serious 
consideration whether this hair matting used by the designer, and evidently in his 
mind when he designed the present system, should not replace the present string 
matting. Besides increasing diffusion of the upgoing air, another advantage 
the hair matting has is that it permits of being sterilised by steam. The 
present string matting is liable to injury by steam, and therefore it is only 
formalinised:—a disinfection process that kills some, but by no means all, micro- 
organisms. Steam, on the other hand, as applied in a modern steriliser, kills Steam 
all micro-organism at a single exposure. An instance of the relative value of the steriliser. 
two processes is seen in the fact that anthrax spores escape when subjected to 
the action of formalin vapour™, but are killed by steam. 


T would recommend that a more effectual withdrawal of air be obtained at 11-—Ex- 
the end of the ceiling over the Speaker’s Chair and Ladies’ Gallery, and that }aust- 
whatever the means adopted for securing uniformity of withdrawal from the 
Chamber, anemometer tests be made to prove its efficacy. 


I would suggest that the ventilating men when on duty between the inlet 12.—(Gen- 
and the floor of the Debating Chamber wear clean white linen or drill, etc., — 
clothes or overalls, and that before coming on duty they change their boots or (@) Clo- 
wear felt slippers. The latter would have the advantage of making their tread Caine 
noiseless. The white clothes should, of course, be washed frequently on a or ee 
routine system, and at the same time the felt slippers might be sterilised by on duty. 
steam. 


These precautions are taken to prevent particulate pollution of the air of 
operation rooms. There is no reason, therefore, why they should not be 
employed with the same object elsewhere. 


* Report to the London County Council on Disinfection by Drs. Klein, Houston, and. 
Gordon, 1902. 


(6) Charied 
record. 
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For maintaining the uniform efficiency of the ventilation it is desirable to 
have a continuous record of its most important features. This is at present 
carried out up to a certain point, but the record is not complete enough. I would 
strongly recommend that blank forms of Charts be printed, and that on these 
Charts should be recorded in continuous curves the temperature, the relative 
humidity, and the evaporative power of the air in the Hqualising Chamber, 
Debating Chamber, and Division Lobbies, respectively. The quantity of air 
passing into different parts of the Debating Chamber and out at different parts 
of the ceiling should also be constantly observed and recorded, and for this 
purpose some graduated form of static anemometer that could be fixed, for 
instance, on the gratings in the Equvalismg Chamber, and some form of self- 
recording anemometer in other parts of the air courses are needed. It is only 
by controlling all these features scrupulously and continuously that the desired 
end can be secured. 


Force is added to the above suggestion from the fact that, since it was 
written, I have obtained the copy of Dr. Reid’s book to which reference has been 
already made, and on page 328 he gives the elaborate printed form which was 
used at the House of Commons when he had charge of the ventilation. It is 
interesting to note that the velocity of the air was observed, as well as the 
temperature and other points. The scrutiny of all features of the ventilation 
was so elaborate that in some cases, where debates had been continued fora long 
period, he made, with advantage, from 50 to 100 variations in the quantity or 
quality of the air supplied in a single night. Dr. Reid’s success in ventilating 
the House of Commons is beyond doubt, as the following statement of his 
contemporary Arnott shows, “until the late* House of Commons existed as 
ventilated by Dr. Reid, there was never in the world a room in which 500 
persons or more could sit for ten hours in the day, and day after day, for long 
periods, not only with perfect security. to health, but with singular comfort.” 


Finally, I venture to ask your Lordship to regard these recommendations 
and suggestions as the outcome of an investigation which, though as detailed as 
T could make it in the time at my disposal, has not covered the whole ground. 
Although the ventilation of the Debating Chamber of the House of Commons 
has taken 250 years to reach its present stage, it could, in my opinion, be much 
improved even in the present building with systematic and continual study. I 
have merely indicated what constitute, I believe, the chief lines along which this ~ 
improvement may be attained, and the vigour, comfort, and health of Members 
enhanced so far as the air of the Debating Chamber is concerned. 


In bringing my report to a close, I desire to acknowledge the uniform 
courtesy and good-will with which Mr. Rivers, Chief Engineer, Mr. Patey, and 
the staff generally, have throughout assisted the progress of the enquiry. 


I have the honour to be, 


My Lord, 


Your obedient Servant, 


(Signed) M. H. GORDON. 
December, 1904. 


* This refers to the temporary House. Dr. Reid’s book was published in 1844, its 
title being “ Illustrations of the Theory and Practice of Ventilation.” A special part of 
the book is devoted to the ventilation of the House of Commons. Arnott’s statement is. 
quoted trom Dr. Billings’ book on ventilation, p. 35. 


[In continuation of Parliamentary Paper. Cd, 2404—1905. | 
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REPORT. 


— 


Yo the Right Honourable Lewis VERNoN Harcourt, M.P., His Majesty’s 
First Commissioner of Works. 


SIR, 

Tue Committee appointed by your predecessor, the Earl of 
Plymouth, in April, 1905, consisting of Sir Michael Foster, Chairman, 
Dr. J. 8. Haldane, and Dr. M. H. Gordon, to which, at the Committee’s 
request, Mr. Arthur P. Patey, the Resident Engineer of the Houses of 
Parliament, was subsequently added, to carry out further systematic 
observation of the working of the present system of ventilation of the 
House of Commons with view to ascertaining what improvements in it are 
desirable, beg leave to report to you as follows::— 


Throughout the enquiry the Committee has had the advantage of the 
co-operation of Dr. W. N. Shaw, Secretary of the Meteorological Council, 
whose valuable consulting services were secured to the Committee on its 
inception by your predecessor. 


As a considerable number of observations of the quality of the air 
from both the chemical and bacteriological points of view had been carried 
out previously, the Committee has been satisfied in the present instance 
with continuous examination of the temperature and humidity of the 
air by means of recording instruments, and also with examination of the 
purifying value of the washing screen in operation during last Session 
at the Terrace inlet. The observations of the temperature and humidity 
of the air were carried out by Mr. Lempfert, of the Meteorological Office, 
and the examination of the purifying value of the washing screen and 
cotton-wool filter was made partly by Dr. John Aitken, who. kindly 
volunteered his valuable help and advice, and partly by Dr. Gordon. 


Acting for the Committee, Dr. Gordon and Mr. Patey, assisted in 
part by Mr. Lempfert, have carried out a prolonged, careful and often 
minute investigation of the quantity and distribution of the air passing 
through the Debating Chamber, Division Lobbies and other parts of the 
system under varying circumstances. 


Shortly before the appointment of the present Committee the old 
propeller fan used for driving air through the intake airway had been 
replaced by a much more powerful centrifugal fan, and another centri- 
fugal fan was at the same time substituted for the furnaces previously 
used for extracting air through the ceiling of the Debating Chamber. It 
was found that in consequence of these changes the quantity of air supplied 
was approximately doubled, and that in addition a much more efficient 
control was obtained over the general ventilation. A marked improve- 
ment was also observable in the quality of the air in most parts of the 
Debating Chamber. Further investigation, however, disclosed the fact 
that the distribution of fresh air to various parts of the Debating 
Chamber and Division Lobbies is still very imperfect. Other serious 
defects were also found. 


The details of the experimental investigations will be found in the 
accompanying Appendix. 


Dr. Gordon and Mr. Patey have, as a result of the investigations 
in question, formulated a number of recommendations which meet with 
the general approval of the Committee. Many of them the Committee 
are of opinion should be put in hand without delay, especially those which 
refer to the treatment of the air on its passage from the battery chamber 
upwards. But in respect to these they consider that the Recommenda- 
tion (No. 8 (a)) suggesting changes with view to diverting a larger portion 
of the air from the central floor of the Debating Chamber and the gang- 
ways to the area beneath the benches must needs be carried out tentatively 
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so as to be accompanied by careful observations, with the object of 
learning by experience how large a portion of the air may thus be diverted 
without unduly depriving the front benches of air, and without any risk 
whatever of subjecting occupants of back benches to the sensation of 
“draught.” The Committee advise that the observations made and records 
taken of the temperature and humidity of the air should be in future still 
more numerous and systematic than they are at present. 


The recommendations which the Committee have the honour to present 
are fully specified on the pages immediately following. 


In conclusion, the Committee desire to remark that the investigations 
so far made, though extensive, do not cover the whole subject. No 
systematic series of observations, for instance, has yet been made of the 
warming of the ingoing air; and several other matters need to be 
investigated. 


We have the honour to be, 
Sir, 

Your obedient Servants, 
M. FOSTER. 
J. S. HALDANE. 
M. H. GORDON. 
AvP. PATE YS 

June, 1906. 


RECOMMENDATIONS. 


1. Abolttzon of North inlet. 


That the present north inlet should be abolished because it is covered 
by a grating on which Members walk; and that in its place the next 
Chamber further north should be used for intake. The suggested mode 
of connecting this new north inlet to the airway is shown on the accom- 
panying plan. 


2. Enlargement of sectional area of the Terrace inlet. 


That the three windows by which air is indrawn from the Terrace 
should be enlarged as much as possible. 


3. Air course between inlet and input fan. 


(a) That the narrower parts of the air course between the inlet and 
the input fan should be widened as much as possible. 


(6) That the channel in question should be simplified by filling in 
pensisey with brickwork, by splaying off angles, and by forming slopes in 
the floor. 


(c) That the faulty old paving should be taken up and replaced by 
new flooring, and that the angles between the sides of the airway and the 
floor should be rounded. 


(¢) That the side wails of the East Passage, which are at present 
dewed with moisture carried forward from the inlet water screen, should 
be covered with glazed tiles. 


(¢) That the steam-condense main and steam pipes which at present 
are contained in this part of the air-way should be removed. 


(f) That the old propeller fan should be removed, and that a wall 
should be constructed across the vault in which this fan is contained, and 
an opening cut in the side wall at this point in the manner shown in the 
plan. In this way the air-course will be enlarged at what is at present 
its narrowest point between the inlet and input fan. ‘ — 


® 


5) 


d blifes) That, for the prevention of inleakage of undesirable air, “air-locks” 
be provided at all points of entry to the air-course on the suction side of 
the input fan. 


4. Air-course on discharge side of imput fan. 


- That, on the discharge side of the input fan, steps be taken to prevent 
side leakage, and that new flooring be put down over the existing stone 
flagging at this part. 


5. The Cotton-wool Filter. 


_ (a) Alteration of position—The Committee find that in its present 
position the cotton-wool filter is continually contaminated by dust deposited 
from the air passing over it, and also by material falling down on to its 
inner surface from the centre gangway above. They recommend, therefore, 
that this filter be transferred from its present site to an adjoining vault, 
and that arrangements be made by which the air can be bye-passed through 
it in time of fog. , 


(b) Adjustable panels on outside of filter—That when the cotton- 
wool filter is transferred steps be also taken to provide movable wire-work 
panels in such a manner as to permit of the external layers of wool being 
removed and replaced by fresh layers as need arises. Reh h 


6. The Battery Chamber. 


It is further recommended that the wooden framework and partition 
walls in the battery chamber be removed, and that the whole of this 
chamber beneath the equalising chamber be thrown open for better 
diffusion of the air. 


7. Equalising Chamber. 


(a) That the inlet to the equalising chamber be increased to its fullest 
possible extent by throwing open three gratings at present closed. 


(b) That the wooden partition at the centre be removed. 


8. Debating Chamber floor. 


(a) That steps be taken with a view to remedying the present excessive 
entry of air by the centre gangway, especially at those parts of it where 
pollution from material brought in on Members’ boots has been chiefly 
found to obtain. 


(6) That the area of inlet to the seats at either end of the Debating 
Chamber under the Gallery be increased. 


9. Members’ Gallery. 


That the air input to the Members’ Gallery should be increased by 
rendering the shafts thereto from the equalising chamber more efficient 
than at present. 


That an air-space be formed and floored off under the benches of these 
Galleries so as to provide a cleanable channel and distributing chamber. 


10. (a) Ladies’, and (b) Press Galleries. 


(a) Ladies Gallery—That the downcast shafts situated at the back 
of the Ladies’ Gallery, and at present disused, be converted into upcast 
shafts for the purpose of conveying air to the Ladies’ Gallery; that the 
fresh air thus provided should be introduced along the wall rising at the 
back of this Gallery; and that the extraction be effected, as far as possible, 
through the grille. 


(6) Press Gallery—rThat the rising shafts to the Press Rooms be 
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connected to the Press Gallery, and that the air thus provided should be 
led in by an equalising and distributing air-space as recommended in case 
of the Members’ Gallery. 


11. Strangers Gallery. 


That the shafts in the wall at the Bar end of the Debating Chamber 
be connected to the battery chamber, and that the space under the 
Strangers’ Gallery, to which these shafts can be made to deliver air, be 
made as simple and efficient as possible as a distributing chamber. 


12. Division Lobbies. 


( ivision Lobbies be increased, 
especially at the continuation of these Lobbies at either end of the Debating 
Chamber. 





(b) Extract—That the vitiated air-chamber over the Division 
Lobbies be connected to the House of Commons’ extract fan, so that. extrac- 
tion from the Lobbies can be increased during Divisions. ry 





13. Lavatories. | 

That steps be taken to promote ventilation of the Lavatories, and also 
heating. 
14. Retiring Rooms. 


That the position of the inlets to the Retiring Rooms be altered, for 
at present the fresh air is delivered at the ceiling. | 
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To Sir Micuaret Foster, K.C.B., F.R.S., &c., Chairman of the Committee 
appointed to investigate and advise the First Commissioner of 
Works on the question of improving the ventilation of the House 
of Commons. 


SIR, 

THE report which I have the honour to submit herewith to the 
Committee records particulars of an investigation which has been carried 
out during the past two years with the object of defining the conditions 
of the ventilation at the Debating Chamber of the House of Commons. 


The report is divided into two parts, which deal with successive stages 
of the enquiry effected during 1904 and 1905 respectively. Part I is 
the appendix to a brief report* submitted by me to the First Commissioner 
of Works prior to the appointment of the Committee; while Part IT deals 
with the observations made on behalf of the Committee subsequent to their 
appointment in April, 1905. 


In carrying out this investigation I have had the great advantage of 
the co-operation of Dr. W. H. Hurtley, Lecturer on Chemistry at 
St. Bartholomew’s Hospital, of Mr. R. G. K. Lempfert, of the Meteoro- 
logical Office, and of Dr. John Aitken, F.R.S. Reports by these gentlemen 
dealing with the ventilation from the chemical and physical points of 
view will be found incorporated with the present report. In addition 
to the services of the above gentlemen, I have to add that the investigation 
of the quantity and distribution of the air was carried out conjointly 
with Mr. Arthur P. Patey, the Resident Engineer of the Houses of 
Parliament, to whose valuable co-operation and experience of the working 
of the system this portion of the enquiry owes much of whatever value 
it may possess. 


As a result of the investigation a number of recommendations for 
the improvement of the ventilation have been drawn up by Mr. Patey and 
myself. These recommendations are submitted to the Committee under 


separate cover. 
I am, Sir, 


Yours faithfully, 


M. H. GORDON. 
June, 1906. 


* Command Paper 2404, 1905 (House of Commons (Ventilation) Report and 
Recommendations by Dr. M. H. Gordon). 
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PART cd, 


SECTION I. 


CIRCUMSTANCES PRECEDING THE INQUIRY. 


THE PROBLEMS TO BE SOLVED WITH REGARD TO THE VENTILATION OF THE 
DEBATING CHAMBER. 


From certain questions put to witnesses by Members of the Select 
Committee that recently reported on the ventilation of the House of 
Commons, it would appear that the immediate cause of the inception of 
the Committee was an epidemic of influenza* amongst Members. The 
Committee caused both a chemical and a bacteriological examination to 
be made of the air of the Debating Chamber. The result of the chemical 
examination, which was made by Mr. Butterfield, showed that the air 
of the Debating Chamber compared favourably with that of ‘some other 
public buildings in respect of carbonic acid, and was therefore regarded 
by the Committee with satisfaction. The quantitative bacteriological 
tests made by Dr. Graham Smith on the same occasions as the chemical 
tests, showed a mean of 58 micro-organisms per litre of air in the 
Debating Chamber—a quantity that also compared favourably with that 
found in the air of other public buildings. Accordingly the Committee 
observed that “though less exact and less satisfactory than the chemical 
“results, the bacteriological results could not be regarded as distinctly 
“unsatisfactory.” 


The Committee concluded that, so far as these objective tests went, 
the quality of the air was sufficiently satisfactory. They went on to say, 
however, that this conclusion, obtained by means of objective tests, was 
not confirmed by the subjective test of Members’ own feelings: “It is 
“the common experience of many Members that the air of the Chamber 
““lacks freshness, that there are some qualities possessed by it which 
“lead to a stay for a length of time in the Chamber causing in Members 
“a lassitude and feeling of heaviness which tends to interfere with the 
“due performance of their duties.” 3 


The Committee also pointed out that the air of the Chamber was 
liable to pollution from dust and various impurities continually being 
brought in on Members’ boots. “Particles of dirt, and with these various 
“organisms, must be borne upwards by the ascending currents, and other 
“particles must be falling through the interstices of the matting and 
“grating and mixing there with the incoming air.” | 


_ With view to general improvement of the ventilation, the Com- 
mittee recommended a number of important changes which have since 
been effected. Their final recommendation was as follows :— 


_ “The institution of inquiry into problems of ventilation 
still unsolved, with view of introducing further improvements into 
the present system.” 


It is in accordance with this final recommendation of the Select 
Committee that the further investigation to be recorded in the present 
report has been carried out on behalf of His Majesty’s Office of Works. 





* First Report of the Ventilation Committee, dated June 25, 1903 : Page 28, Q. 563 ; 
page 36, Q. 678; page 47, Q. 906. Second Report, July 28, 1903: Page 9, Q. 130. 
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The investigation in question was begun in 1904 and continued during 
1905; the great majority of the observations being made on occasions 
when the House was in session, and the ventilation, therefore, in full 
working order. 


The principal problems calling for investigation at the beginning of 
the inquiry may be summarised as follows :— 


(1) The relationship, if any, between the ventilation of the 
Debating Chamber and the spread, or possible spread, of 
influenza. 


(2) The extent to which the air of the Debating Chamber is liable 
to pollution from material continually being brought in upon 
the boots of Members; the exact nature of such material, and 
its capacity, actual and potential, of producing disease 
amongst Members. 


(3) The reason of the want of freshness in the air of the Debating 
Chamber, and especially the nature of the fault in the ventila- 
tion causing in Members the undesirable physiological effects 
drawn attention to in the report of the Select Committee. 


It has been possible to investigate problems (1) and (2) to a certain 
extent separately; the third problem, however, has necessitated a detailed 
examination of the whole of the present aircourse of the Debating 
Chamber system. ) 


SECTION II. 


DEFINITION OF VENTILATION. 





TESTS OF ITS EFFICIENCY, AND THEIR RELATIVE VALUE. 


Before proceeding to describe the plan and modus operandi of the 
present investigation, it is desirable to refer as briefly as possible to the 
purpose of ventilation, and to the relative value of the principal practical 
tests by means of which, at the present time, its efficiency may be gauged. 


Ventilation has been defined by Dr. Billings* as “the continuous and 
“more or less systematic changing or renewal of the air in a room or 
“other closed space. It involves,” he continues, “the introduction of the 
“comparatively pure external air in continuous currents, the diffusion of 
“this air throughout the room, and the constant removal of a corresponding 
“volume of the air which has become contaminated by vapours, gases, 
“particulate matters, or odours, or which has had its temperature raised 
“within the apartment.” 


Referring to the effects of bad ventilation, Dr. Billings states that 
“comparison of the results has shown that when in any room occupied 
“by human beings there is a definite unpleasant animal or musty odour 
“perceived by a person whose sense of smell is of the usual acuteness and 
“who enters the room from the fresh outer air, then continuous breathing 
“of the air producing such odour will be injurious to health.” 


The unpleasant smell that the air of an occupied room acquires when 
ventilation 1s insufficient has been generally attributed to its contamination 
by organic matter contained in the exhalations of those present. Some 
experiments recently made by Dr. Aitkent imply that this exhaled organic 
matter is not present in the air as particulate matter in the usual sense of 
that phrase, but that it exists there in the form of gas or vapour. What- 
ever its exact nature may be, objective tests directed to the estimation of 
the quantity of this odoriferous material in air have not hitherto met with 
much success, and a simple and convenient method by which this may be 
determined in practice to the requisite degree of accuracy is still wanting. 


When examining the efficiency of ventilation, therefore, recourse has 
generally been had to measuring the proportion of exhaled carbonic acid 
contained by the air of the room. 


The importance of the carbonic acid test is not because of the injurious 
attributes of the gas itself; these are not obvious until the proportion of 
carbonic acid is far higher than that observed in the air of some of the 
worst ventilated inhabited rooms. The value of the test lies in the fact 
that the carbonic acid added to the air of a room by the exhalations of its 
inhabitants has been found to form, as a rule, a relative index of the evil- 
smelling injurious quality of such air. 


The interrelation of the quality of the air of inhabited rooms that 
gives rise to a disagreeable smell and the carbonic acid also present was 
first definitely established by the late Dr. de Chaumont, of Netley, whose 
results, according to Dr. Billings, “are now generally accepted as 
“authoritative, having been confirmed by subsequent observers.” Dr. de 
Chaumont’s observations were made on the air of barracks and hospitals, 
and his description of the manner in which he carried them out is as 
follows: “The plan followed in all was to take the observations chiefly 
» at night, when rooms or wards were occupied, and when fires and lights 





* Ventilation and Heating, J. S. Billings, M.D., D.C.L., LL.D., &e., 1893. 
+ Proceedings of the Royal Society of Edinburgh, 1905. 
{ Proceedings of the Royal Society, Vol. 23; Ibid, Vol. 25. 
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“(except the lamp or candle used for the observation) were out. On first 
“entering the room from the outer air the sensation was noted and recorded 
“ just as it occurred to the observer, such terms as ‘ fresh,’ ‘ fair,’ ‘ not close,’ 
“close, ‘ very close,’ ‘extremely close, &c., being employed. The air was 
“then collected (generally in two jars or bottles, for controlling experi- 
“ments) and set aside with lime water for subsequent analysis, and the 
“temperatures of the dry and wet bulb thermometers noted. About the 
“same time samples of the external air were also taken, and the ther- 
“mometer read. In this way any unintentional bias in the record of 
“ sensations was avoided, and this source of fallacy fairly well eliminated.” 


The number of observations of the air of barracks and hospitals made 
in this way was between four and five hundred. As a result, Dr. de 
Chaumont found that five orders, classes, or qualities of air could he 
differentiated by the senses. These five classes of air and the amounts 
of carbonic acid found to be contained by them respectively were as 
follows :— 


Ia SE 3d 66 


Air described as feeling “fresh,” “ fair, not close, no 
unpleasant smell,” &c., indicating a condition giving no appreciably 
different sensation from the outer air. 

Temperature about 63° F. 

Carbonic acid not exceeding the amount in outer air by 
more than 20 per 10,000 vols. 


Air described as “ rather close,” “a little close,” “ not very foul,” 
“a little smell,’ &c., indicating the point at which organic matter 
begins to be appreciated by the sense of smell. 
Carbonic acid excess over outer air reaches over 40 per 
10,000 vols. 


Air described as “close,” indicating the point at which organic 
matter begins to be decidedly disagreeable to the sense of smell. 
Carbonic acid in excess over outer air to the amount of 
6:0 per 10,000 vols. 


Air described as “very close,” “bad,” &c., indicating the point 


at which organic matter begins to be offensive and oppressive to the 
senses. 
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Carbonic acid in excess over outer air reaches 8 per 10,000. 


Air described as “extremely close,” “very bad,” &c., indicating 
the point at which the maximum point of differentiation by the 
senses is reached. 


The figures in this series differ but little from those of 4, so that the 
probable limit of differentiation by the senses is reached in 4. ee 


Summary of de Chaumont’s Observations. 





Quality of 
Air. 








im G © 


i) | 





Subjective Test. | Objective Test. 
Excess of CO, over that present in outside air 
per 10,000 vols. :— . 
* Rrephicaaices 4 ae 2°0 
“Rather close”... ms Up to 4:0 
“Qlose” ... a 2, 6°0 
“Very close” he i 8:0 
“Extremely close ” ... | Practically sameas No.4, but CO; may be increased. 





After analysing his results in considerable detail, de Chaumont laid 
down the following standard of good ventilation :— 7 


Carbonic acid respiratory impurity, that is to say, the excess of this 


gas over the quantity present in outside air, ought not to exceed 2°0 per 
10,000 volumes of/air. . 
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De Chaumont inferred that the amount of fresh air necessary in 
barracks to keep the impurity due to respiration down to the desired limit 
would be 3,000 cubic feet per head per hour. In hospitals, on the other 
hand, although this amount would, of course, keep the air below the limit 
as regards carbonic acid, it was not sufficient to keep the air fresh and 
sweet to the subjective senses. Either from the greater quantity of organic 
matter given off in disease, or from its more offensive quality to the 
subjective senses, his observations led him to infer that in hospitals about 
4,000 cubic feet per head per hour would be required to keep the air fresh 
and sweet. That this figure for hospitals is not an exaggeration is proved 
by an observation of Dr. Wilson that when as much as 3,500-3,700 cubic 
feet of air have been delivered per patient per hour, hospital wards have 
not been free from offensive smell. 


The standard of carbonic acid proposed by de Chaumont as a limit 
of good ventilation is more stringent than that of some other observers. 
Pettenkofer, for instance, had previously proposed as a limit not to be 
exceeded 10 volumes of carbonic acid per 10,000 volumes of air, or 6 volumes 
in excess of the amount usually present in the open air of towns. Carnelly, 
Haldane, and Anderson concluded that for the very crowded elementary 
schools of this country a lower limit than 13 volumes (or 9 volumes in 
excess of that usually present in the outer air) could not, for practical 
and financial reasons, be fixed in 1887, although Dr. Haldane admits that 
with the present improved facilities for mechanical ventilation a much 
lower limit could now doubtless be assigned.* The limit fixed by law in 
regard to the artificially humidified air of cotton-weaving sheds is 9 volumes 
per 10,000 (or 5 volumes in excess of the outer air). This regulation, 
however, is only enforced during daylight. The Departmental Committee 
on the Ventilation of Factories and Workshops, from whose recently issued 
first report (1903) these latter data are cited, go on to say from their own 
observations, chiefiy of the air in factories and workshops when in use at 
the present time, “it is reasonable to expect that under ordinary circum- 
“stances 10 volumes (7.e., 6 volumes in excess of the outer air) should not be 
“exceeded in factories and workshops unless gas is burning.” The limit 
the Committee eventually propose to be prescribed by the Home Secretary 
for all factories and workshops during daylight, under the Factory Act of 
1901, as a limit beyond which a penalty should be imposed, is 12 volumes 
of carbonic acid per 10,000 of air, or 8 volumes in excess of that usually 
present in the open air of towns, the only exception to this rule to be in 


cases where the extra carbonic acid is produced in other ways than by. 


respiration or combustion. 


The difference between the carbonic acid limit proposed by 
de Chaumont and that recommended by the Departmental Committee of 
the Home Office is, therefore, very considerable, since the former proposed 
to allow only 2 volumes per 10,000 in excess of the outer air, and the latter 
up to 8. This difference, however, is, I venture to think, explained by 
an examination of the original papers of both authorities. The object. of 
de Chaumont was to define good ventilation, that of the Departmental 
Committee was to define for factories and workshops in their present 
state a practical boundary line beyond which a penalty should attach. 
The difference between these two purposes is so great. that it explains 
to a considerable extent the difference between their respective standards. 


But if this explanation is correct, it will, no doubt, be granted that 
of the two carbonic acid limits mentioned, the one within which the:air 
of the Debating Chamber of the House of Commons should be kept is not 
the horizon suggested by the Home Office Committee, but the limit of first- 
class air suggested by de Chaumont. It must be remembered, also, that 
de Chaumont’s standard is only representative of the best air actually 
observed in barrack dormitories while in occupation during the night. 








* The. Council Schools in London at present have an excess over outer air of over 


6 volumes CO, per 10,000 in the majority of cases. Report of Medical Officer. to the late. 


School Board, March 25, 1904, page 35. 
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The question now arises: How does the air of the Debating Chamber 
compare with de Chaumont’s standard as regards carbonic acid ? 


De Chaumont’s limit was an excess of carbonic acid over outside air 
not exceeding 2:0 per 10,000 volumes. 


In the case of Mr. Butterfield’s figures, by taking the amounts 
found by him in each of his four tests of the air of the Equalising Chamber 
as the amount of carbonic acid present in unbreathed air when his observa- 
tions were made, and by subtracting this amount from his figures for 
carbonic acid in the air of the Debating Chamber at various points, we 
find the respiratory impurity expressed as carbonic acid, per 10,000 
volumes, is found to be as follows :— 


Mr. Butterfield’s First Test. 
Date, 7th July, 1902. 








Time ... ty >t xy 6.30-7.10 p.m. 10.35-11.5 p.m. 
Centre of Equalising Chamber... it Ase ue 0 0 
Ministerial Benches, middle ... ¥e8 rt oa 1:43 1:58 
Opposition Benches, middle... ae a a 1:49 1:83 
Ministerial Benches, wall under Gallery oh bh 1:48 1:00 
6 inches below ceiling ... 2%, ai ie eo 1:86 161 








Mr. Butterfield’s Second Test. 
Date, 21st July, 1902. 


Time ... 5% aes Peis 6.48—-7.30 p.m. 10.32-11,18 p.m. 


Centre of Equalising Chaimber ... oP aoe A's 0 0 
Ministerial Benches, wall ey te. oe ee 1:58 1:32 
Ministerial Benches, near Gangway ... ip ep 0-21 a 
Ministerial Benches 4.3 ne wat as ry —_ 0°73 
Opposition Benches, near Gangway ... eas ae 1°82 — 
Opposition Benches a Me ae vo A — y 0-19 
6 inches below ceiling ... i SEA A) Bee ee — 215 2°0 


These results show that on both the occasions when the test was applied 
the air of the Debating Chamber over the benches on the floor was, as 
regards carbonic acid impurity due to respiration, within the limit of good 
ventilation defined by de Chaumont. On the first occasion also (July 7th) 
the respiratory impurity in the air expressed by carbonic acid was within 
this limit at the ceiling. On the second occasion, however (July 21st), the 
respiratory impurity expressed. by carbonic acid at the ceiling, between 
6.48 and 7.30 p.m., was in excess of de Chaumont’s limit by 0°15 per 10,000 
volumes, and between 10.32 and 11.18 p.m. it was exactly up to the limit, 
viz., 2:00 per 10,000. 


__It would appear, therefore, that in one of the four tests the air at the 
ceiling was found to be slightly outside de Chaumont’s standard of good 
ventilation. Moreover, the part of the ceiling at which the air was 
examined in all four tests was at the end near the Strangers’ Galley. The 
air is probably purer at this end than at the opposite end of the ceiling, 
near the Ladies Gallery, where the outflow is less. 


The subjective observation of the Ventilation Committee, therefore, 
that the air of the Debating Chamber lacks freshness, is to some extent con- 
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firmed by the result of this objective observation, in which the respiratory 
impurity expressed by carbonic acid exceeded de Chaumont’s limit for first- 
class air before the air reached the ceiling. It must be admitted, however, 
that on the three other occasions no such excess was found, and that even on 
this occasion the air from the carbonic acid standpoint was still removed 
by a considerable interval from de Chaumont’s second-class air,in which the 
respiratory impurity due to carbonic acid reached 4 parts per 10,000, and 
the air felt “rather close.” 


It has been mentioned that the first test applied to air is the subjective 
test of the feelings, and that the carbonic acid is only a relative index to 
that quality of the air of an ill-ventilated inhabited air-space that makes it 
disagreeable, and if breathed continuously, harmful. Moreover, while the 
relation between the carbonic acid and the smell of organic matter in the 
air of an inhabited room holds as a rule, in exceptional instances the smell 
may not be perceptible when the carbonic acid impurity due to respiration 
is as high as 5 parts in 10,000, and it may be very decided when the 
carbonic acid impurity does not exceed 3 per 10,000. It depends in part 
on the temperature, in part on the amount of moisture present, and in part 
on the amount of diffusion going on—for organic matter does not dittuse 
so readily as carbonic acid gas (Billings). The most trustworthy objective 
test of ventilation available, therefore, valuable though it undoubtedly is 
as a rule, is at the best only of relative worth, and sometimes it is actually 
misleading. In brief, the value of the carbonic acid test is aptly expressed 
by a well-known phrase of the late Sir George Buchanan, who, referring to 
the value of chemical analysis for detecting pollution of drinking water 
dangerous to health, observed that in this matter “chemistry could inform 
“us of impurity and hazard, but not of purity and safety.” 

It is exceedingly doubtful if any objective test of the offensive odour 
of air polluted by the exhalations of human beings in a closed room will 
ever be quite equal in delicacy to the test of the subjective feelings. It is 
of interest in this connexion to refer to a valuable point cited by Dr. Hurtley 
in his chemical report, namely, that the delicacy of the human sense of 
smell has recently been the subject of quantitative investigation by one of 
the most distinguished chemists of the day—Professor Berthelot, of France. 
Professor Berthelot selected two substances possessed of powerful odour, 
musk and iodoform, and he carefully ascertained the smallest amounts of 
each of them perceptible by the sense of smell. The results which he 
obtained are stated in the following table, in which the range of some of 
the most delicate objective tests is also given, and, for comparison, the 
range of the carbonic acid test as usually applied to air. 


Delicacy of the Sense of Smell compared with that of some of the most 
delicate Objective Tests. 





Smallest Part of a Gramme | 











Substance. Ped hes Re-agent. Authority. 
Musk... ..- | 0:000,000,000,000,000,01 | Human sense of smell... | Berthelot. 
TIodoform ... | 0°000,000,000,000,01 Do. si Do. 

Sodium ..- | 0°000,000,000,03 Spectroscope ... ... | Bunsen and Kir- 

Lithium _... |_0-000,000,001 , woraiy eee eee 

Nitrite . 4... 0-000,000,001 Ilosvay’s re-agent ... | Warington. 

Saliva .- | 0°000,000,1—L Culture-test Gordon. 
(Streptococci) 

Carbonic acid | 0:0U00,1—1 Usual range... ... | Pettenkofer. 








According to these figures, therefore, the human sense of smell is about 
a million times as delicate an index of the presence of musk as is the spectro- 
scope of sodium; and the latter test exceeds in delicacy the ordinary chemi- 
cal test for exhaled carbonic acid by about the same extent. As the sense 
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of smell is a frequent means by which the efficiency of ventilation is judged 
by the public, it is well to bear in mind the enormous delicacy of this test 
as compared with objective tests at present available. 


A combined factor which recent observations have convicted of playing 
a chief part in causing the unpleasant subjective sensation that is evoked 
by the atmosphere of a crowded room, is the coexistence in the air of an 
excess of temperature with an excess of humidity. This relationship 
between the physical condition of the atmosphere and the subjective feel- 
ings aroused by it, is of fundamental importance not only as regards venti- 
lation, but as regards the subjective effect of climate and season; and the 
interaction may be briefly stated as follows. In health the body tempera- 
ture is kept at a constant level by the operation of a delicate balance 
between the internal production and the external loss of heat. As the 
whole of the energy expended in the internal work of the body eventually 
becomes heat, the supply as a rule exceeds the demand, and hence one of the 
chief uses to which the air environment is put under ordinary conditions is 
the continual cooling of the body.* For this reason, an undue increase in 
the temperature and humidity of the air environment induces discomfort 
by interfering with the elimination of heat from the body; and, on the 
other hand, an undue deficiency in these respects by causing a: too rapid loss 
of heat induces the feeling of “ chill.” 


Now, it has been known for long that the temperature alone of the 
air environment may be raised considerably without necessarily inducing 
harmful or even unpleasant effects, but that if at the same time the humid- 
ity is raised unduly, a point arrives at which the continuous elimination 
of heat from the body is impeded, with the result that persons exposed to 
such air suffer from the effects of heat retention. Extreme instances of 
evil effects consequent on the massing of a large number of persons in a 
small unventilated apartment have been attributed to this coexistence in 
the air of a high temperature with an excess of humidity. But what has, to 
a great extent, escaped suspicion f until the observations recently published 
by Fliigge, Paul, Heymann, and Ercklentzf{ is that the unpleasant subjective 
symptoms that first warn the occupants of an ill-ventilated apartment of the 
oppressive condition of its atmosphere are to be attributed not (as hitherto 
generally believed) to the gases or effluvia exhaled by those present, but 
chiefly to the fact that the temperature and humidity of the air have become 
increased to beyond the combined limit compatible with human comfort. 


In aseries of experiments made in a specially constructed glass chamber 
Paul found that the point at which the temperature and humidity of the air 
exceeded the limit compatible with the comfort of a normal person varied 
somewhat within certain limits; the temperature of the air at the onset of 
unpleasant feeling varying from about 70° F. to 86° F., and the humidity 
from 45 per cent. to 86 per cent; the unpleasant effect becoming manifest 
at a lower relative humidity at the higher temperatures. The lowest 
temperature at which Paul records unpleasant subjective symptoms as hay- 
ing been induced was on an occasion when the temperature of the air was 
69°8° F., and the coexistent humidity 56 per cent. On some other occasions, 
however, this degree of temperature and humidity appears to have been 
exceeded without unpleasant symptoms having been provoked. 


Taking the wet bulb index and the last instance cited as the lowest 
limit at which subjective feelings of unpleasant character may be evoked 
by reason of excess of temperature and humidity of the air, it would appear 
that such effects are avoided if the wet bulb temperature of the air is kept 
below 60° F. According to this figure, with a percentage humidity of 63 
the limit of comfort would be liable to be exceeded when the temperature 


* According to Rubner, the quantity of heat excreted by an adult man in 24 hours 
amounts to ”,700 calories given off as follows :—lungs 35 calories, work 51, warming food 
and drink 42, evaporation 558, conduction 833, radiation 1181 calories. 

+ It is but just to Dr. Reid, the designer of the Debating Chamber system, to state 
that his published works prove that he was fully alive to the importance of both tempera- 
ture and humidity. By extensive and arduous employment of the experimental method 
he ae acquired an insight into the art of ventilation that has probably never heen 
equalled. . 

} Zeitschrift fur Hygiene. Band 49, 1905. 
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of the air passed 67° F., and with a percentage humidity of 73-75 the same 
limit would be passed after 65° F. As the temperature at which the air 
of an inhabited room should be kept in this country is generally considered 
to be from 60-65° F., and the humidity of the air has been stated on good 
authority to be most pleasant when 73-75 per cent. of saturation,* the 
importance of these recent statements is obvious, as also is the need for 
further and more extensive investigation before the inferences to which 
they have given rise can be considered to be fully justified. 


The subjective symptoms found by Fliigge and his associates to be 
induced by air that had exceeded the limit as regards temperature and 
humidity were described as “ feelings of inconvenience, oppression, lassitude, 
giddiness, nausea, &c.”—symptoms that were found to be relieved at once 
by reducing the temperature and humidity of the air. On the other hand, 
so long as this combined factor was kept below the limit mentioned there 
was no evidence of any injurious effect even though the proportion of 
exhaled carbonic acid exceeded the maximum ever recorded as having been 
found in the air of a crowded room. Provided the temperature and humid- 
ity of the air did not exceed the limit, the absence of any disturbance was 
so complete that the power of co-ordination remained intact, as was proved 
by the ease} and normal manner in which certain arithmetical calculations 
given by way of test were carried out, and further by examination as to 
the presence of mental fatigue by means of the usual instruments. In con- 
formity with the above results was the observation that children kept in 
a crowded schoolroom showed no symptoms of disturbance provided that 
the temperature of the air was kept low. 


The observations in question refer to the capacity of the air for produc- 
ing unpleasant subjective sensations and deal with air from the point of 
view of comfort. This matter is of necessity a difficult one to gauge 
accurately owing to the varying susceptibility of individuals to different 
qualities of air, and also owing to the different degree to which the imagi- 
nation influences the verdict. It is of interest, therefore, to take note of 
an investigation recently made by Dr. J. 8. Haldane.¢ in which he deter- 
mined the point at which a rise in the temperature and humidity of the 
air environment begins to produce objective evidence of harmful effect as 
expressed by a definite rise in the body temperature. He found that when 
the subject of experiment was at rest, and the air environment still, the 
point at which the temperature regulation of the body began to fail (as 
proved by careful observation on himself and others with the thermometer) 
was when the wet bulb temperature of the air rose above 88° F. In moving 
air, however, a wet bulb temperature up to about 93° F. could be borne 
without abnormal rise of body temperature, provided that the body was at 
rest. During muscular work, on the other hand, in still air, the maximum 
temperature that could be endured without abnormal rise of body tempera- 


ture was very much lower, viz., for a person stripped to the waist about 
48° E. 


It would seem, therefore, that as regards the vigour, comfort, and 
health of the occupants of a given room, the temperature, humidity, and 
movement of the air are of great importance. Applying his results to the 
service of ventilation, Fliigge has concluded that the temperature in public 
buildings should not be allowed to exceed 70° F., and that as far as possible 
it should be kept between 62° and 67° F. These figures are, of course, 
nothing new, as the practice in this country for many years past has been 
to keep the temperature between 60° and 65° F. The chief practical lesson 





* In those occupied rooms in which the quality of the air was found by de Chaumont 
to be first-rate, the mean temperature was 63°F., and the mean humidity 73 per cent. of 
saturation. This degree of humidity, therefore, was suggested by him as a ventilation 
standard for this country (Parkes’ Hygiene, 7th edit., p.181). After extensive examination 
of the air of prisons Dr. Wilson has independently advocated a similar standard, viz. 73-75 
per cent. of humidity (Wilson’s Hygiene, 8th edit., p. 152). It may be added that at the 
time when he suggested the standard of humidity referred to, de Chaumont remarked that 
in Germany 50: per cent. is looked upon as an average humidity, whilst in England this 
would indicate an. exceptionally dry atmosphere (loc. cit.). 

t Journal of Hygiene, October, 1905. 
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to be learnt from these more recent observations then is the great import- 
ance of not allowing the temperature of the air to exceed the limit defined, 
and especially the necessity of continually observing and controlling the 
combined quality of temperature and humidity. 


As regards the second test applied at the instance of the Committee, 
the value of a quantitative bacteriological examination of air is limited, 
chiefly because the result is discounted by the fact that the significance 
of the great majority of the micro-organisms found is unknown. Little 
stress can be laid on failure to detect pathogenic micro-organisms by this 
method. Even if present in the air, the majority of such micro-organisms 
will not be detected by the quantitative method of Frankland, in which the 
micro-organisms are cultivated in gelatine at 20° C. Further, absence of 
pathogenic bacteria in 5 or even 35 litres of air does not, of course, imply 
their absence in a larger quantity. As an adult man inhales roughly 
10,000 litres of air in the course of 24 hours, it is necessary to examine 
a large quantity before much stress can be laid on the absence of pathogenic 
bacteria in a bacteriological examination of air. 


Although an objective test by which the evil-smelling organic matter 
in air can be readily estimated is still a desideratum, a method has recently 
been suggested by the writer of this report for estimating the degree to which 
the air of an inhabited room is polluted by particulate matter given off from 
the human mouth and upper respiratory passages. The principle of tunis 
test consists of utilising the natural flora of the mouth for the purpose of 
identifying minute particles of saliva expelled in the acts of sneezing, 
coughing, and loud articulation. Particles of saliva emitted trom the mouth 
into the surrounding air in the acts mentioned have been shown to remain 
suspended in the air for a considerable time before settling, and have been 
proved to be liable to be wafted to distances up to 40 feet away by air 
currents such as exist\1in ordinary rooms with the windows closed and no 
artificial ventilation. A certain micro-organism, Streptococcus brevis, was 
found to be constantly present in normal human saliva, generally to the 
extent of over 10,000,000 per c.c. The micro-organism in question being 
in possession of definite physiological characters by which it can be identified, 
serves as an index by means of which so small a particle as one ten-millionth 
part of a c.c. of saliva can be detected, if present. It should be added that 
besides S. brevis, other streptococci occur abundantly in saliva, and serve 
on occasion as additional tests by which particles of it can be detected. The 
method by which these salivary micro-organisms are recovered from air 
is to expose a suitable sterile culture medium for a given time to the air, 
and to then incubate it at blood-heat (37° C.). Under these circumstances, 
particles of saliva in suspension in the air gravitate on to the surface of the 
medium, and when the latter is subjected to the temperature of the body, 
the micro-organisms deposited with the particles multiply. Streptococci 
recovered in this way from air are isolated in pure culture, and afterwards 
submitted to certain cultural tests previously found to be of value for 
differentiating streptococci characteristic of saliva from streptococci of other 
origin. 

Although the inhalation of air charged with particulate matter derived 
from the mouth and respiratory passages of perfectly normal individuals has 
not yet been shown to be followed by actual disease, the process cannot be 
regarded as wholesome. It is, moreover, now known that persons recently 
exposed to air-borne specific infection may acquire and retain in their 
upper respiratory passages the virus of the infectious disease to which 
they have been exposed, and that though themselves perhaps unafiected 
thereby, they may, by expelling the materies morbi into the air in the acts 
referred to, be the means of infecting others. Conditions being equal in 
other respects, the larger the number of persons present in a given room, 
and the greater the length of their exposure to the air therein, the greater 
will be the chance of the successful transfer of infection in this way. 


_ _ The value of the streptococcus test lies in the fact that it is a direct 
index of potential access to the air of a given room of morbific virus liable 





ins Report of the Medical Officer of the Local Government Board, 1902-03, pp. 421-471. 


to be contained in the saliva, and therefore liable to be expelled in the breath 
in the acts of sneezing, coughing, and loud articulation. Amongst diseases 
the virus of which is especially apt to be communicated to the air in this 
way are diseases of the respiratory passages, such as colds, influenza, 
diphtheria, tuberculosis, &c. From the abundance in the sputum of 
influenza patients of the specific micro-organism associated with the pro- 
duction of that disease, and from the frequency of sneezing and coughing in 
perhaps the commonest type of the malady, influenza would appear to be 
especially prone to be spread in this manner. 


SUMMARY OF SEcTION II. 


Regarding as a whole the tests by means of which the efficacy of a 
ventilation process for cleansing the air of a given air-space can be judged, 
it would appear that no objective test at present available can in any way 
compare with the subjective sense of smell for delicacy in detecting the 
odoriferous portion of such organic pollution as may have been added to 
it in the exhalations of those present. 


The objective test upon which up to the present time most reliance has 
been placed in practice is the measurement of the proportion of exhaled 
carbonic acid in the air, a method that has rendered good service in the 
past, and will, no doubt, continue to do so in future. It is important, 
however, to realise that the value of the carbonic acid test is partial only. 
Recent observations point to the temperature and humidity of the air as 
the qualities chiefly concerned in causing the symptoms that are evoked by 
the atmosphere of a crowded room when ventilation is bad—symptoms that 
it would seem are the result of heat retention in the body. The best method 
of preventing this unpleasant heat-conserving property of the air from 
obtaining, is to carry out systematic and continual scrutiny with both wet 
and dry bulb thermometers, and to keep the combined factor of temperature 
re pee ty below the limit at which discomfort has been found to be 
induced. 


The quantitative bacteriological test is a useful guide in judging 
general cleanliness of the air, but by itself has no further value. 


While no sufficiently delicate objective test is at present available for 
directly estimating the exhaled organic matter in vitiated air, an objective 
bacteriological test has been introduced by means of which particulate 
matter expelled in the breath in certain acts may be estimated. The value 
of this test lies in the fact that it supplies a direct index of the possible 
access to the air of living particulate morbific virus given off in the breath. 
lf affords, therefore, a means by which the efficacy of various systems of 
ventilation for removing such potentially dangerous particulate material 
can be examined. 
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SECTION III. 





SCOPE OF THE INQUIRY. 





1. Scopr oF INVESTIGATION DESIRABLE. 


_ The examination of the ventilation of the Debating Chamber‘desirable 
in view of the facts referred to in the preceding sections may be summarised. 
under three heads :— | 


(1) Examination of the quality of the air of the Chamber by objective 
tests in addition to those already applied to it at the instance 
of the Ventilation Committee. 


(2): Examination of the quantity of air sent into and removed from 
the Chamber by the ventilation. 


(3) Examination of the distribution of this air inside the Chamber 
both at inlet on the floor, and at outlet on the ceiling. 


Problems such as those concerning the spread of influenza in the Debat- 
ing Chamber, and the pollution of the air by material brought in on 
Members’ boots, are included in the general investigation of the quality of 
the air. The problem with regard to the cause or causes of the want of 
freshness in the air, and the undesirable physiological effect exercised 
upon Members, raised the question as to the quantity of air supplied 
to and removed from the Chamber, and also the question as to the actual. 
area inside the Chamber over which the incoming air is distributed and from 
which the outgoing air is withdrawn. 


29. ORDER IN WHICH THIS INVESTIGATION HAS BEEN CARRIED OUT. 


The investigation consists of two parts carried out during 1904, and 
during 1905, respectively. 


ws 


1904. 


The main feature of the ventilation under investigation during 1904 
was the quality of the air. This was examined both from the bacterio- 
logical and chemical point of view. | 


The object of the bacteriological examination was to determine’ the 
extent to which the air suffered from particulate pollution, and the order. 
in which the bacteriological investigation was carried out between May 
and August was, as far as circumstances permitted, a systematic progress 
from inlet to outlet of the airway. When suspicion arose that the air was 
liable to receive contamination from any source, a sample of the material to 
which suspicion attached was, if possible, procured and examined to 
determine the nature and extent of such harmful properties as it might 
be possessed of. A special watch was then kept to determine if particles 
of the material could be detected bacteriologically in the air. In this way 
it has been possible to obtain evidence approximately justifying a verdict 
of conviction or acquittal in regard to certain materials conceivably 
implicated in imparting particulate pollution to the air. 


As regards two special sources of pollution, it was desirable on account 
of their importance in reference to disease to ascertain further by special 
tests the degree to which the air was liable to derive infection by them. 
Accordingly in these two cases index-experiments were planned and carried 
out with due precautions. In these experiments an easily recognisable but 
harmless micro-organism was artificially introduced as index of infection, 
and the air then scrutinised for its presence. 
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A chemical investigation was also made at this time by Dr. Hurtley, 
principally in order to determine the extent to which the air suffered from 
gaseous pollution of various kinds. The question of carbonic acid having 
been previously investigated, it was thought unnecessary to repeat previous 
observations, and therefore, as regards this particular gas, Dr. Hurtley 
confined his attention to examining air passing out of the Debating 
Chamber during debates. During the inquiry an important question arose 
as to the extent to which the air passing from the inlet on the Terrace to 
the Debating Chamber is hable to be contaminated by air from the engine 
rooms, vaults, and vitiated air-passages contiguous to the airway. Some 
index-experiments, therefore, were made with the object of throwing light 
upon this matter. In these experiments an odoriferous substance, or a 
gas, was the index element introduced on the outside of the airway, and 
the subjective sense of smell was the re-agent relied upon for the detection 
of its passage to the interior of the airway. 


Further than the above observations, the temperature and humidity of 
the air was also examined on occasions when the inquiry was in progress, 
the fresh air at the inlet being compared in these respects with the air 
passing into the Debating Chamber. Useful help was also afforded at 
this stage by Dr. Aitken, who visited the system and wrote a memorandum, 
which is appended. 


A preliminary examination of the quantity of air passed through the 
system under the conditions obtaining in 1904 showed the need for further 
investigation both of this matter, and also of the distribution of the air 
within the Debating Chamber. 


A report, briefly stating the results of the inquiry obtained up to this 
stage, and making a series of recommendations, was submitted by me to 
the First Commissioner of Works in December, 1904. A Committee was 
then appointed to supervise the continuation of the investigation; the 
Committee consisting of Sir Michael Foster, Chairman, Dr. Haldane, and 
myself, with Dr. W. N. Shaw as consultant. At the Committee’s request 
Mr. Patey, the Resident Engineer, was subsequently added to their number. 


1905. 


The further investigation of the quality of the air made during 1905 
consisted of a continuous examination of the temperature and humidity 
by means of recording instruments. These were in charge of Mr. Lempfert, 
whose report is appended. Other investigations relating to the quality of 
the air made during 1905 were examinations of the filtering value of the 
inlet washing screen, and also some observations bearing on the question 
of the inleakage of undesirable air into the airway. 


The most important part of the enquiry during 1905, however, was 
the investigation of the quantity of air passed through the system as a 
whole and through its several parts separately, and especially the deter- 
mination under differing conditions of the distribution of the fresh air 
within the Debating Chamber. Both the investigations in question were 
made for the Committee by Mr. Patey and myself acting in conjunction, 
and in the earlier parts we were assisted by Mr. Lempfert. 
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SECTION IV. 


(A.) THE BACTERIOLOGICAL REPORT* 





SUBSECTIONS. 


a 


. Principle of the bacteriological tests employed. Page 16. 


ho 


. Characters of the special micro-organisms for which search was 
made. Page 18. 


3. The result of this search for evidence of pollution. Page 20. 


a 


. The result of index-experiments made to determine; (a) the 
degree of the liability of the air of the Debating Chamber to 
derive particulate pollution; and (bd), the value of the ventila- 
tion in this sense. Page 62. 


5. Conclusions. Page 87. 


SUBSECTION 1. 


PRINCIPLE OF THE BACTERIOLOGICAL TESTS EMPLOYED IN 
THE PRESENT INQUIRY. 


The purest air found in Nature is comparatively free of bacteria. 
Thus in mid-ocean Miquel and Moreaut found in 10 cubic metres of air 
only 4-5 bacteria, a number corresponding to that found by de Freudenreich 
in air at an altitude of 2,000-3,000 metres. M. Binott found that air 
on the summit of Mont Blanc contained 4-11 micro-organisms per cubic 
metre (1,000 litres), and that at successive stages of the descent the number 
in a like quantity of air was 8, 14, and 49, respectively, as the altitude 
diminished. Similarly M. Cristini,§ of Geneva, who ascended in a balloon 
and made some bacteriological observations of air at a height from the 
ground, found that air in the higher layers of the atmosphere—above 1,000 
metres—even directly over a town, is extremely pure from the bacterio- 
logical point of view; and he thought it very probable that this absence 
or rarity of germs begins much lower down. This conclusion is confirmed 
by some observations of Dr. Miquel, who for 20 years past has made con- 
tinuous and systematic observations of the quantity of bacteria present in 
the air of Paris. Miquel found that air in the Park at Montsouris was 
28 times less charged with bacteria than air at the centre of Paris, while, - 
on the other hand, air on the top of the Panthéon (82 metres from the 
ground) was purer bacteriologically in the quantitative sense than air in 
the Park of Montsouris|| at the lower level. As regards the height at 
which the air is quite free of bacteria, Dr. de Freudenreich inferred from 
observations that at 4,000 metres§ the atmosphere is absolutely free of 
micro-organisms. 


As pure air is almost, if not quite, free of bacteria, therefore, the | 
bacteriological examination of air has, of necessity, for its sole object the 





* The laboratory portion of this investigation was carried out in the Research 
Laboratory of St. Bartholomew’s Hospital. 

+ Traité de Bacteriologie Miquel et Cambier (Paris, 1902), pp. 915-916. 

{ Comptes Rendus, March 1902. 

§ Annales de I’Institut Pasteur, vol. 7, p. 665. 
| Miguel. Loc. cit. 
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detection, not of diminished purity, but of added particulate impurity. 
The question as to the quantity of bacteria present in the air at various 
points along the airway from the Terrace, and in the Debating Chamber 
itself, having been previously investigated by Dr. Graham Smith by 
Frankland’s method, evidently with much care, it was thought unnecessary 
to repeat these observations, and attention has been chiefly confined to the 
kinds of bacteria present. On occasions in the present investigation when 
it was desirable to ascertain the general abundance of bacteria in the air, 
this was effected by simultaneously exposing plates of culture-media at 
various points, and comparing the bacterial incidence upon them. 


The aim of the present bacteriological investigation, then, has been 
chiefly qualitative. Moreover, as the majority of bacteria found in air are 
harmless, and their individual significance, even if a name can be attached 
to them, conjectural, or at the most botanical, the kinds of bacteria for 
which the air has been examined have been those of definite and well- 
ascertained significance. 


The kinds of bacteria of most significance in air are primarily those 
capable of causing disease in man, and especially those capable of pro- 
ducing this effect when inhaled. Such micro-organisms, however, even 
when present in air, are difficult to detect. Although of the greatest 
significance when found, therefore, the detection of specific pathogenic 
micro-organisms in air is so uncertain in the present stage of bacteriology 
that failure to find them by the methods at present available, even after 
careful search, does not necessarily imply their absence. 


Now, infection can only be derived from a previous case, and a person 
suffering from an infectious disease can communicate the materies morbi to 
others in only a limited number of ways. The ways in which infection may 
be given off are by contact, by the excreta, by material shed from the surface 
of the skin, and by particulate matter derived from the mouth and upper 
respiratory passages. Of all particulate matters given off by an infected 
person, those which have in the past been proved to be especially liable to 
convey infection to others are particulate matters derived from mouth or 
intestine. In either case the chief channel by which the virus gains 
entrance to the person of a susceptible individual is by the mouth; being 
either ingested with the water or food, or, in many cases, inhaled in the 
air. In order to prevent the spread of infection, therefore, it is especially 
necessary to prevent pollution of a food or air-supply by particulate matter 
derived from the mouth or intestine. Experience has shown that pollu- 
tion of this kind may be unperceived by the unaided senses, and may even 
escape detection by chemical analysis, and yet be dangerous to health. 
Objective tests, therefore, by which traces of particulate matter from 
either of these two sources can be detected if present, are capable of much 
‘practical service in Preventive Medicine. Such tests are supplied by 
bacteriology. By reason of the constant and great abundance of certain 
bacteria of well-defined character and attributes in particulate matter 
recently derived from either mouth or intestine, the presence of exceed- 
ingly minute quantities of material from either source can be bacterio- 
logically identified if present. Moreover, by observing the abundance or 
frequency of the index-bacteria referred to, the degree to which food or 
air 1s subject to pollution by particulate matter derived from mouth or 
intestine can be gauged. 


Micro-organisms, therefore, on the detection of which we have chiefly 
to rely in applying bacteriology for the purpose of preventing the access 
to an air-supply of morbific virus, are not the specific pathogenic micro- 
organisms themselves, but those bacteria which, from their constant 
abundance in saliva and fecal matter, respectively, afford evidence of the 
presence of particulate matter recently derived from either mouth or 
intestine, and by the very fact of their own presence demonstrate the 
liability of the air to be charged on occasion with specific micro-organisms 
of disease, and by their abundance enable the degree of this liability to 
be estimated. 
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The streptococcus test by which as small a particle as one ten-millionth 
to one hundred-millionth of a cubic centimetre of saliva can be detected, 
if present, has been previously referred to. The bacteriological test for 
feecal matter is even more delicate. Dr. Houston has recently shown that 
by the presence of B. coli from one hundred-millionth ‘to one thousand- 
millionth of a gramme of feecal matter can be detected. Another micro- 
organism also constantly present in fecal matter—B. enteritidis sporogenes 
—is.a means by which from one millionth to one ten-millionth of a gramme 
of it can be detected. The latter micro-organism, by reason of the fact 
that. it forms spores, 1s able to resist desiccation, and thus is a test by 
which not only recent, but also non-recent fecal matter is revealed. 


A further micro-organism, the presence of which has been of con- 
siderable importance in parts of the present inquiry is B. mycoides. 
Dr. Houston,* who has made an extensive examination of soils, has pointed 
out that this micro-organism is so abundant in many soils that it forms 
a trustworthy test by which, on occasion, one hundred-thousandth gramme 
of soil can be detected. B. mycoides, like B. ent. sporogenes, forms spores, 
and therefore serves an.an index of the presence of old as well as of recent 
particles of soil. 


Summary. 


The main object in making a bacteriological investigation of an air 
supply is to determine the extent to which the air is liable to be charged 
with morbific virus. Hence the present investigation consists not so much 
of making a search for specific micro-organisms of disease, as of endeavour- 
ing to detect the presence and abundance of certain definite micro- 
organisms, which betray the presence of polluting material liable to be 
charged with specific micro-organisms of disease. In short, in the present 
instance, attention is directed to channels of infection, that is to say, to 
pollution, rather than to infection itself. 


SECTION IV. SUBSECTION 2. 


CHARACTERS OF THE SPECIAL MICRO-ORGANISMS 
SEARCHED FOR, AND METHODS USED FOR DETECTING 
THEM. | 


(a) Characters by which the Special Micro-organisms searched for 
have been identified. 


For reasons given above, the micro-organisms for which both air 
and material suspected of imparting pollution to it have been examined, 
have been :— 

Streptococci (indices of saliva). 


B. coli (index of recent fzecal matter). 


B. enteritidis sporogenes (index of both recent and non-recent 
faecal matter). 


B. mycoides (index of both recent and non-recent particles of 
soil). 


The characters chiefly relied on in identifying micro-organisms with 
B. enteritidis sporogenes and B. mycoides respectively were, in the case 
of the former, the characteristic change produced in milk; and in the 
case of the latter, the characteristic appearance of the colonies on agar 
or gelatine. Streptococci, however, and bacilli of the B. coli type, were 
isolated in pure culture, and their characters examined in detail. This 
was necessary, because micro-organisms exist in nature that resemble 
one or other of these two micro-organisms, but differ from streptococci of 
saliva or from B. coli of the intestine both in character and significance. 











* Dr. A. C. Houston, Reports of the Medical Officer of the Local Government Board, 
1897-98. 1898-99, 1899-1900, 
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In order to avoid the possibility of confusing such streptococci with salivary 
streptococci, and such coli-like bacilli with fecal coli, the examination 
of. micro-organisms of each of these two classes, isolated in the course of 
the present inquiry, has not been confined to ascertaining a few initial 
characters, but a series of differential tests have been applied to each. 


Differential Tests for Streptococct. 


The differential tests to which all streptococci have been submitted 
are nine in number.* The character of these tests and the nature of the 
response given to them by the five types of streptococci most frequently 
met with in human saliva, are shown in the following table :— 


Re-actions of Five Streptococci found to be most frequently present in 
the Normal Human mouth.t 
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Differential Tests for Coli-like Bacilli. 


The differential tests to which all bacilli bearing an initial resemblance 
to B. coli have been submitted are eight in number. The character of 
these tests, and the nature of the response given to them by the type of 
B. coli most frequently .present in fecal matter are both shown in the 
following table :— | 
Re-actionst} of the Type of B. Coli found to be most frequently present in 

the Normal Human Intestine. 
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* These differential tests for streptococci were described in a report by the writer ir 
the Report of the Medical Officer of the Local Government Board (1902-03, p. 440). 
1 These data are taken-from a report of the writer’s which was published in the last 
issue of the Report of the Medical Officer of the Board (1903-04, p. 388). 

¢ Dr. A. C. Houston, in Report of the Medical Officer of the Local Government Board 
1902-03, pp. 511-566. 
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(b) Methods used for ascertaining the Presence of these Micro-organisms. 


it 


Materials (Dust, Dirt, &c.) suspected of polluting the Air. 


A gramme of the material was weighed out and diluted through a 
series of flasks containing sterilised water. Cultures were then made from 
dilutions containing successive tenths of the material (1, °01, 001, °0001, 
‘00001, 000001 of a gramme). 


In order to isolate any streptococci that might be present in the 
material, primary cultures from measured dilutions of it were made on 
Drigalski and Conradi medium, or else in broth. Mackonkey’s medium 
was employed for coli in the same way, and anerobic milk (heated to 
80° C. for ten minutes after inoculation) for spores of B. enteritidis 
sporogenes. 


Alr. 


(1) Sterile aluminium dishes 4 to 6 inches in diameter were filled with 
neutral-red broth and exposed to the air for a definite time. The broth 
was then poured back into its original tube, and subsequently incubated 
for 48 hours anzerobically at blood heat. At the end of this time the broth 
was mnicroscopically examined, and any streptococci present were, in the 
majority of cases, isolated and examined. 


In all cases where the broth was found to have undergone a change of 
colour and gas bubbles were also present on the surface, subcultures were 
made in Mackonkey’s medium, and in milk aneerobically, in order to deter- 
mine the presence or absence either of B. coli or of B. enteritidis 
sporogenes. 


Streptococci were also isolated from the air by exposing to it plates of 
solid media, such as agar, raffinose-litmus-agar, and the medium devised by 
Drigalski and Conradi. Better results in obtaining streptococci character- 
istic of saliva from air leaving the Debating Chamber during debates were 
effected with plates containing solid media than with plates containing 
neutral-red broth. For this purpose, in short exposures, agar afterwards 
incubated at 37° C. was especially useful, but in longer exposures the 
Drigalski medium was found preferable. Besides the above media, plates 
of blood-agar and also blood-serum plates were used on special occasions. 


SECTION IV. SUBSECTION 3. 


THE RESULT OF THE SEARCH FOR POLLUTION. 
(1.) The examination of materials liable to pollute the air. Page 21. 


(2.) The examination of the air for evidence of pollution at points 
along the airway between the inlet on the Terrace and the 
top of the Clock Tower. Page 30. 


(3.) Observations as to the presence of B. mycoides in the air at 
various parts of the airway. Page 59. 


(4.) Summary of the preceding results. Page 61. 


(1.) Toe RESULT oF THE EXAMINATION OF MATERIALS LIABLE TO POLLUTE 
THE AIR. ; 


The materials examined have been— 


i. Mud of the River Thames alongside the Terrace opposite the 
inlet. 


ee 


i. Material scraped from the inlet windows. 


iii. Dust collected from the air-stream to the Chamber by the scrim 
cloth. 


iv. The outer layer of wool on the cotton-wool filter. 


< 


. Dust deposited on the floor of the Equalising Chamber during a 
debate. Samples of dirt falling into the Equalising Chamber 
from Members’ boots. 


vi. Dust from Debating Chamber, Division Lobbies, and New Palace 
Yard. 


i. Mup or THE RIVER THAMES. 


The first material calling for examination was the mud deposited by 
the river alongside the Terrace, and exposed to the air at low tide. Com- 
plaints have been made in the past of unpleasant smells arising from this 
mud. Although at low tide the area of bare mud is considerable, the 
highest level of the mud appears to be some feet below the high-water 
mark. Opposite the inlet the top of the parapet is 22 feet above the 
surface of the mud, and the distance across the Terrace from the centre 
inlet window to the parapet is about 37 feet. It would appear, therefore, 
that though about 18 feet below the level of the inlet windows, and 
separated therefrom by the width of the Terrace and the height of the 
parapet wall (8 feet 1 inch), the mud is sufficiently near the intake to call 
for special bacteriological examination in an inquiry of the present kind. 


Bad smells arising from the mud would be difficult to detect by 
objective tests, for reasons before given. Were their detection by objective 
tests possible, the gases pecs iste of the odours in question would come 
within the field of the chemist rather than that of the bacteriologist. It 
is exceedingly unlikely, however, that per se bad smells of the kind referred 
to, however unpleasant and undesirable, do more than lessen the ability 
of the body to resist disease. The terms “miasma” and “ effluvium,” once 
so often used to account for infection, have passed into disuse since the 
advent of bacteriology. Infective virus that has been isolated up to the 


present time has been found, without exception, to be, not gaseous, but 
particulate. 


It is unlikely that the mud, when wet and cool, would impart appreci- 
able particulate impurity to the air. The case, however, would appear to 
be different when the mud is warmed by the rays of the sun during the 
summer months. Bubbles rising to the surface of the mud and bursting 
are a conceivable means by which particulate impurity might be sprayed 
into the air, and the fermentation, of which the ‘bubbles are the expression, 
would be more active when the temperature of the mud was raised.. It 
seemed also to be quite possible that the hot suns of July and August might 
dry up the surface of the exposed mud, and that particles of dust detached 
therefrom might be wafted by air currents upwards into the air around the 
inlet, and being drawn in by the air stream to the Debating Chamber, thus 
be liable to become inhaled by Members. 


For these reasons a bacteriological investigation has been made to 
determine the following three points :— 


(a) The extent to which the mud deposited by the river alongside the 
Terrace wall opposite the inlet to the Debating Chamber air- 
way is polluted by material liable to contain morbific virus. 
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(6) The bacterial composition of the fresh wet mud, in order to 
observe if any particular micro-organisms, by the abundance 
and constancy of their presence therein, serve as a means 
whereby small detached particles of the mud may be detected. 


(c) The effect upon the bacterial contents of the mud of the action of 
the summer sun, and also the nature of the micro-organisms 
which, by surviving the resulting process of desiccation, may 
be used to identify detached particles of the mud when dry. 


Finally, the air at the inlet was carefully examined on two special 
occasions of low tide towards the end of J uly, in order to ascertain if any 
micro-organisms previously ascertained to be present in the mud, wet or 
dry, could be detected in such air. Besides the two special occasions 
referred to, however, it should be mentioned that on all the numerous 
occasions when the inlet air was examined, evidence of particulate 
contamination of the air from the river mud was being looked for. 


(a) The Extent to which the Mud alongside the Terrace is contaminated by 
Material liable to be charged with Morbific Virus. 


The chief pollution which the mud appeared likely to contain was feecal 
matter derived from cattle on the banks of the higher reaches of the 
Thames, from surface washings, drains, and from sewage-farms discharg- 
ing effluent into the river ; and the objective evidence obtained by making 
a bacteriological examination of three samples of the Terrace mud has 
resulted in this suspicion being confirmed. 


In order to obtain evidence as to the degree of catia shown by mud 
deposited at Westminster as compared with mud higher up the river, 
samples have been obtained from points nearer the source of the Thames 
and examined in the same way as the Terrace samples. For this comparison 
samples have been obtained from the River Thames at Staines (above the 
intake of the water companies), about 36 miles from Westminster; from 
Tilehurst, about 75 miles from Westminster, and from three places near the 
source of the river, viz., from Inglesham, 148 miles from Westminster ; 
Castle Eaton, 149 miles from Westminster; and from Ashton-Keynes, 
about 158 miles from Westminster and six miles from the Thames Head 
spring.* 

Full details of the results of the bacteriological analysis of these 
samples are seen in the following table. (For table and diagram see next 
page.) 

The characters of the coli-like bacteria and streptococci isolated from 
these samples of Thames mud were examined, and full particulars of them 
will be found in the appended tables. A specimen of B. coli, giving the re- 
actions of typical B. coli of the intestine, was found present in the first 
sample of Terrace mud to the extent of 100, 000 per gramme, and in a second 
sample the same micro-organism was present to the extent of 10,000 per 
gramme. The same micro-organism was also found in the sample of mud 
from Inglesham, in which it was present to the extent of 10, but under 100, 
per gramme. 


None of the streptococci that were isolated from one of the samples of 
Terrace mud and examined could be identified from their characters with 
streptococci characteristic of saliva. 


Conclusion —The inference drawn from these data is that the mud of 
the river deposited alongside the Terrace and left exposed to the air at low 
tide contains much fecal pollution, and therefore is liable to be charged 
with morbific virus. 


: The Thames Head Spri ing was dry when I examined it, and the river began about 
half a mile below this spot. 
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(b) Micro-organisms Characteristic of the Mud. 


From the above results it appeared unnecessary to devote time to investi- 
gating the mud for other micro-organisms by which to detect the presence 
of particles of it in the air. If ‘00001 gramme of the fresh mud were 
contained by the air, then the B. coli test would serve to detect this amount, 
and if ‘001 gramme of it were present, spores of B. enteritidis would be 
present as well as B. coli. It will appear later, when dealing with the 
results of the examination of the air at the inlet, that of the other micro- 
organisms present in the mud, those that would possibly best repay investi- 
gation are the streptococci; but in view of other more important parts of 
the inquiry, I had to forego further investigation of them at this point. 


(c) The effect of Exposing a Sample of Terrace Mud to the Action of the 
Weather during a Fortnight in June is seen from the following 
figures :— 


ae : Spores of B. Enteritidis 
| a 
Coli-like Bacteria. Sporogenes. 








| 
| 





| Per gramme. Per gramme. 
Mud fresh from the river by the | 100,000, under 1 million | 10,000, under 100,000. : 
Terrace. | 
The same after exposure for two weeks 


to the weather (June). 


10, under 100 ... | 1,000, under 10,000. 


The number of B. coli, therefore, was diminished 10,000 times, and the 
spores of B. enteritidis 10 times. 
But by the latter test ‘001 gramme of the dry mud can be detected. 


Conclusion.—It would seem from this observation that the mud, when 
dry, is much less liable to contain micro-organisms of intestinal origin than 
when it is fresh and wet. It may be taken that the majority of the micro- 
organisms known to be associated with the production of specific diseases 
in man would show no more vitality than B. coli here did. 





il. PARTICULATE MATTER SCRAPED FROM THE WINDOWS AT THE INLET. 


The material in question was obtained by scraping the bars and edges 
of these windows with a sterilised knife. I was unable to get any material 
from the edges of the centre inlet window, so it is only scrapings from the 
North and South windows that have been examined. 

The results were as follows (per gramme) :— 





aes l 








an A Total Number of | 5 Spores of Strepto- 
Dace | Sige | Bacteria (37° C.). | ptt B. Ent. Seer, 
July 19, 1904 Right window | 1,000, not 10,000 | Under 10} Under 10} Under 10 
of inlet. (spores of B. mes- 
entericus only). 


Left window of | Under 10 
inlet. 


Under 10} Under 10 | Under 10 











No evidence of pollution was therefore found. 
A striking point about the material in both cases was that when the 
preliminary dilution of it was made, a large quantity of soot and coal-dust 


was seen to be contained by it. The particles of carbon referred to floated 
on the top of the water. 


i111. DusT FROM THE ScRIM-CLOTH. 


_ The scrim-cloth screen through the interstices of which the air passes 
after getting past the fan is thoroughly washed in hot soda solution every 
Saturday morning during the Session. This procedure is an excellent one, 
as hot soda has a marked germicidal action. 
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It appeared to be of some interest to obtain a sample of the dust held 
up by the screen and to submit it to bacteriological examination. This has 
accordingly been done on two occasions, Saturday, July 28rd, and Saturday, 
August 6th, 1904. In each case the cloth had been in use during a week of 
sittings, viz., from the Monday to Friday inclusive. The maximum and 
minimum temperatures of the air of Westminster during these five days, the 
hours of bright sunshine, and the rainfall, were respectively as follows :— 














| 
Maximum Minime Bright. : 
oe Thermometer. Raeoannice Rates: Rainfall, 
| Mean. Mean. Hours. Inches. 
Monday, July 15th, to 76°4 D7*4 50°7 ‘01 
Friday, July 22nd. Fell on Tuesday, July 
19th. 
Monday, August Ist, to 82-0 61:0 52°8 “1 
Friday, August 5th. Fell on Thursday Aug. 


4th, during a thun- 
| der storm. 








Results of Analysis of the Dust arrested by the Scrim Cloth in two different 














Weeks. 
Scrim-Cloth Dust. Maro B, Coli-like Bacteria, |, “Pores of. Streptococci. 
July 23rd is | 10,000, not 100, not 1,000 | 1,000, not 10,000 Under 100 
| 100,000 
August 6th ... | Over 1 million 10, not 100 100, not 1,000 10, not 100 
(not sub-cul- 
tured). 














Taking the coli and enteritidis indices, therefore, as the most important 
points determined, we have in both cases a decrease in August to one-tenth 
of the number found in the July observation. 


This decrease I believe to be due to the difference in the rainfall for 
the two periods during which the air was being passed through the scrim 
cloth. A reference to the meteorological data shows that ten times more 
rain fell in the August period than had been the case in the July one. In 
both periods all the rain fell on one day, but in the July period it fell on 
the Tuesday and in the August period on the Thursday. Now, it has been 
‘shown by Miquel, by a long series of observations, that the number of 
bacteria in the open air is diminished by rain, and is increased during dry 
weather, provided that the dryness is not too prolonged. The increased 
rainfall, therefore, doubtless freed the air of more bacteria in the August 
period; and as it took place later in the week its effect would be more clearly 
seen, because the constant draught through the interstices of the scrim cloth 
would have tended to gradually drag through particles deposited by the 
air on its outside surface earlier in the week. 


Characters of the Coli-like Bacteria found in the Scrim-Cloth Dust. 


Of the three coli isolated from the scrim-cloth dust on the two occasions, 
only one, namely, that present to 10 per gramme of the dust in July, had 
characters identical with those of typical B. coli of the intestine. It is 
curious that the coli obtained from the dust in August had characters 
identical with those of a coli isolated from a sample of river mud alongside 
the Terrace on July 12th, and present therein to 10 per gramme after the 
mud had been exposed to the weather for a fortnight. 
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Concluston.—On both occasions when it was examined, the dust removed 
by the scrim cloth from the air contained distinct evidence of pollution with 
bacteria possibly derived from the intestine. 


I am not prepared to say that this dirt is derived from the mud of the 
Thames by the inlet. In order to decide this, further investigation would 
have to be made. The resemblance between the characters of the coli No. 3 
and the coli isolated previously from the mud when dry is suggestive, but 
nothing can be safely inferred from this single point. 


iv. WooL OF THE CorTon- Woot FILTER. 


A piece (about 8 inches in diameter) of the wool of the outside layer of 
the cotton wool filter was removed on April 27th, 1904, and bacterio- 
logically examined. The wool was dark from deposit upon it, and when the 
preliminary dilution was made, the water became quite black from soot 
contained in the wool. Neither B. coli nor enteritidis spores, nor strepto- 
cocci were present in the piece of wool. The only micro-organism present 
was a stunted bacillus of no importance. : 


v. Dirt AND DuSsT FALLING INTO THE EQUALISING CHAMBER FROM MEMBERS’ 
Boots. 


Two Samples of Dirt deposited on the Floor of the Equalising Chamber. 


This material was collected during a debate on April 27th, 1904, by 
rubbing a piece of sterile cotton-wool lightly over the surface of the floor of 
the Equalising Chamber at portions of it beneath the Centre Gangway above 
and below the Bar respectively. Cultures were subsequently made from 
dilutions of these two pieces of wool, with the following results :— 


Dust falling on the Floor of the Equalising Chamber. 











— B. Coli. B. Enteritidis Spor. Streptococci. 
Above the Bar a ie ive — a ma 
Below the Bar eee a si au me Af 











The B. coli found below the Bar had characters identical with those of 
typical B. coli of the animal intestine. 


From this preliminary observation, therefore, it appeared that the floor 
above the Bar was less contaminated than that below the Bar. This view 
received ample confirmation later. 


Material falling directly from Members Boots on to Paper exposed under 
the Centre Gangway below the Bar. 


Mr. Patey had two pieces of board fixed for me under this part 
of the Centre Gangway immediately below the floor of the Debating Chamber, 
and throughout the inquiry, whenever the House sat, glazed paper covering 
an area of 3'4 square feet was stretched over this support, and the material 
coming through thus collected. 


The amount of dirt falling through on to the paper during debates may 
be gauged from the following four observations :— 


On May 10th, 1904, 0°22 inches of rain fell. . The amount of dirt 
deposited on the paper (area = 34 square feet) between 3°40 p.m. and 
5.40 p.m. was 15 grammes. This sample was analysed in detail. 


On May 11th, 1904, 0°02 inches of rain fell. The amount of dirt 
deposited on the paper between 2 p.m.. and 8 p.m. was 20 grammes. This 
sample was also examined in detail. 
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On May 31st, 1904, 0°41 inches of rain fell. The paper between 2 and 
7.30 p.m. collected ‘250 gramme only. This was the first day after the 
Whitsun recess, and few Members were present in the Debating Chamber. 
This sample was also analysed. 


The total amount of material deposited on the paper on all occasions 
when the House sat between May 5th and July 18th—excepting only the 
three occasions mentioned—was collected in a sterilized bottle, and at the 
end of this time weighed, and found to be exactly 20 grammes. This sample 
was also analysed. 


It would appear, therefore, that an appreciable quantity of material is 
brought in on Members’ boots, and is constantly falling through the floor of 
the Debating Chamber during Debates and mixing with the upgoing air in 
the Equalising Chamber. The amount of deposit varies within wide limits, 
and depends on the number of Members present, rainfall, &c. 


Microscopical examination of the material showed that it consisted of 
particles of wool, hair, string from the matting, pieces of paper, particles of 
surface soil, quartz, silica, &c., vegetable débris, bits of leaves, chopped hay 
(horse manure ?), chips of matches, &c. Of the 20 grammes sample, 17 
grammes sank in water, while 3 grammes of it (fluff, &c.) floated. 


The results of the bacteriological analyses of the four samples mentioned 
is seen in the following table :— 


Bacteriological Analysis of Samples of Material falling into the Equalising 
Chamber from Members’ Boots. 


(The figures refer to the number per gramme of the samples.) 




















No. Date of Collection. Total Nos. 37°C. rs Be ak eae Streptococci. 
1904, 
ieMaylom. ... ays 1,000,000 Under 100 100 10,000 
not not not 
10,000,000. 1,000. 100,000. 
2'| May 1l ° ... .-» | 10,000,000 100 10,000 10,000 
not not not not 
100,000,000. 1,000. 100,000 100,000. 
or may oli 4 v3 1,000,000 Under 100 100 Under 100, 
(1st day after recess. ) not not 
10,000,000. 1,000. 
4 | May 5to July 18... 100,000 100 10,000 1,000 
(Except above three not not not not 
samples.) 1,000,000. 1,000. 100,000. 10,000. 
| 














All the examples of B. coli isolated from these samples were examined 
and found to possess the characters of typical B coli of the intestine. 


None of the 10 kinds of streptococci isolated from the samples could be 
identified with streptococci characteristic of saliva. 


Conclusion.—These results show that the material brought into the 
Debating Chamber on Members’ boots, and shed therefrom into the incom- 
ing air, is richly charged feecal pollution.* On the other hand, no evidence 
was obtained that sputum is brought in from the pavements and imparted 
to the air in this way.t 





* Derived almost certainly from the horse. , 

t Dr. Annett found that in Liverpool 4:76 per cent. of sputa lying on the pavements 
of public thoroughfares contained B. tuberculosis. (“Thompson Yates’ Laboratory 
Reports,” Vol. IV., Part 2.) 
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vi. SAMPLES OF Dust FROM THE DEBATING CHAMBER, DIVISION LOBBIES, 
AND New PALAce YARD. 
Two samples of dust were obtained from the Debating Chamber, and 
one from the Division Lobbies. Mr. Patey furnished me with these samples 


obtained with the vacuum cleaner. The sample of New Palace Yard dust 
was collected near the pavement. 


The results shown by these samples are seen in the following table :— 


Analyses of Samples of Dust. 














No. Material. sues) Wace on, | B. Coli. B Eat Spo * Streptococci. 
1904. 
1 | Dust of Debating| June 7 1,000,000 100 100 None 
Chamber. not not not isolated. 
. 10,000,000. 1,000. 1,000. 
2 | Dust of Debating| August 15 100,000 1,000 1,000 10 
Chamber, not not / not not 
1,000,000. 10,000. 10,000. 100. 
3 | Dust of Division June 7 1,000,000 1,000 1,000 1,000 
Lobbies, not not _ not not 
10,000,000. 10,000. 10,000. 10,000. 
4/Dust of New] October 29 100,000 10,000 100 Under 1,000. 
Palace Yard not not not 
by Members’ 1,000,000. 100,000. 1,000. 
Kntrance. 








Character of the Coli-like Bacteria isolated. 


x 


All of the B. coli isolated from the dust of the Debating Chamber had 
the characters of typical B. coli of the intestine. The sample of Lobby dust 
showed the same micro-organism present to 100 per gramme. The coli 
isolated at a later date from New Palace Yard was atypical. 


Characters of the Streptococci isolated. 


No streptococci characteristic of saliva were obtained from these 
samples. 


It is interesting to observe that the same peculiar streptococcus was 
found present, respectively— 
In dirt from Members’ boots to 100 per gramme; 
In Debating Chamber dust to 10 per gramme; and 
In Lobby dust to 1,000 per gramme. 


This streptococcus in all three cases, besides giving identical reactions, 
rapidly liquefied gelatine and peptonised milk. 


Conclusion —Fecal pollution is evident in dust from the Debating 
Chamber and Division Lobbies, but no salivary pollution was found. 
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Tables showing the Characters of B. Coli-like Bacteria, and of Streptococci 
isolated from the above Materials liable to pollute the Air of the Debating 
Chamber. 

B. Coli-like Bacteria from Thames Mud and from Materials liable to pollute the 

Air of the Debating Chamber. 



















































































i Acid and Gas, 
Abund- 3 . g 
No. Material. Date, | ance per a 2 | 
Gramme, Sia g = g 3 
gl23) § 8 )3)3)/2/8 
ee | of lye) 8 = | 2 
ala |s|Sia]/é&lz2/3 
1 | Terrace mud a --- |May +4} 100,000} + | + | ee ees tie a | 
2 ” ” see tee 9 26 100,000 _ -- an —_ — — a ~ 
3 r» %9 oe vee | gy 6-26} 10,000) +} +) +) 4+) -—-) +) 44] - 
4 ” ” tee eae July 12 100,000 + + | a atl + _— se + 
5 ” ” eae ee RSet fa be 10,000; —|}— > +);—;/—}—|]+]4+ 
6 | Dried terrace mud me — LD caret chan pee of Pee ee 
7 | Staines mud mp eral be PU) eet eee eet Py Yaeen-ke facts 
8 | Inglesham mud... Seo Rs 8 rT: pet RO eee trae hs Re ee 
9 ” } oo» see ” 7 ER ee ee ee eee ee deen 
10 | Ashton Keynes ... aad ‘ 6 gC CT ae er a es ee eo ee 
11 | Dust from scrim cloth ... | July 23 BLY C9 eS a oon) et aay Pele i a Bie ae ee 
12 ” vs ve | gy 28 10} +])/+)+)+})—}+]4+)]- 
13 ” ” see Aug. 6 10; — | — + —_ —_/|— + — 
14 | Dust, floor of Equalising | April 27 +/+)+)4+)—-/4+/4/]- 
Chamber below Bar. 
15 | Dust of Debating Chamber | June 7 100; +; +) +}4+)/—-|;4i)4]- 
16 ” 9 ” Aug. 9{ 1,000} +} +) +/+/—|]+]/+]- 
17 ” ” 9 Ss ef 100) +} +) 4+)+4+)—)+})4+)- 
18 9 ” ” ” 9 10 + rie ate aP par ae ar ws 
19 | Dust of Division Lobbies | June 7 1000; +} +) +}) +} 4+/)4])4+)- 
20 » is - Leary TUG ey ae ert Eset icees th |. ee 
21 | Deposit of Members’ boots | May 11 100; +/+/)/+]+]—-—|]+ {+ )- 
22 ” ” ” July 18 100; +} +] +] + —/|/+y)+)— 
23 ” ” ” 39 18 10} + + a + —_ + + pol 
24 | New Palace Yard dust ... | Oct. 28) 10,000} + }|—/|—|+]+]—|/+]- 
25 ” ” ove ” 28 1,000 Bae a= oo + + oR; — Fas: 
| 
Streptococci isolated from Materials liable to pollute the Air of the Debating 
Chamber. 
Date of | Abund : ;| 3 Jilgla 
: ate o undance $ ;-ia | B18 1¢ 
No. Pentel. Collection.) per gramme. | |; 3 A ie E = rc) 5s = S x 
oy (>) o a= 
Sle ldiSlalAlalslals 
1 | River mud by | May 26; 100,000) —| +|+ —|-|-— 
Terrace. 
2 ” ” » 26} 100,000) —|/—|+]}+])/+}/—-—|-—|—-|+ 
3 ” ” 39) 26 : i ba ire oral ts _ 
1 | Dust on floor | April 27 _ — | fp | a if 
Equalising 
Chamber. 
2 ” ” 93 27 Tit a ee a Sel Ss 
3 ” ” ” 27 =F soeg "Ws 50h 9 a eal or el se <= 
Dust of Debat- | Aug. 15 10) +) +)/+}/+)/—|—|+]+]|+)]-+ | Liquefies 
ing Chamber. gelatine. 
1 | Dustof Division | June 7 1000; +) +/+) + )—]—i tl] +tpti t+ Do. 
Lobbies. 
2 z % ce in? 1,000) +}+]/—|+]/-)+]+]-|- 
3 ” ” ” 19 Pathoes tre ae] ee a a 
; genic, ob- 
tained via 








mouse, 


Air at the 
Inlet. 
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Streptococci from three Samples of Material brought in on Members’ Boots. 


















































hee Sib Ais 
a ee lee a | o | 4 Samples 
- Positive Date of Abundance ref aul sede eee alin -|[e |e 1S lg ; 
eo. Characters, Collection. per Gramme. 3 7 3 3 FS = e “2 A 5 fee 
| | sizlalsla [4 |a|s sie 
ii 2 May 10 1,000 |§ — Pe a ee 1 
2 lh 10 1,000 |—|—|+}/—|-|—]+]+]- 2 
9 aa 6 1,000, |—|—|+}/—-|—-j;—|/+/+]—]+ 
ee Stell 10,000. }—|-—|+}—}+]/-—|+]-]-— 1 
4 , 10 10,000 “|= hoy | eis 1 
5 5 tee) 100,000) mE ae a ee 1 
6 pelo COOOL aoe ed ee 1 
7 : ce il | 10,000. (+) ) 4) 434) — Ve pe 1 
8 ; Between May 5 Y000F PEA ey) Ae = — ee 1 
(| and July 18. 
9}| 7 fp Y 1,000- } +] P+) +i —| — +] +] ee =] Gel Ligsd 
10 | § op ey 100 feb? | ac aaa ui 
(2.) THe Arr. 


(A.)—AIR AT THE INLET. 


i. The general Bacterial Incidence at the Inlet. 

Agar plates were exposed on tables at the inlet to the incoming air- 
stream for an hour, and after incubation, for 48 hours at 22° C., the 
colonies counted. The results are seen in the following table :— 











Bacterial Incidence at the Inlet. 
| 
Date. | May 2nd. | May 3rd. | May 4th. | May 10th. | May 11th. | May 26th. | June 20th. 
Hour (p.m.) 7.10 to | 6.25 to | 2.40 to | 3.40 to | 6.30 to | 3.80 to | 7.45 to 
8.10. 7.25. 3.40. 4,40, 7.30. 4.30. 8.45. 

No. of plates exposed 4 = 3 3 5) greats ies 
No. of colonies (mean) ... 173 293 302 79 394 387 593 
Rainfall (inches) 0:19 — ~ "22 02 _ — 








{ 





These observations show that rainfall has a distinct influence on the 
number of micro-organisms deposited by the air entering the airway. The 
marked diminution seen on the two wettest days, May 2nd, and especially 
May 10th, confirms the deduction previously made from the results shown 
by two samples of the dust arrested from the air by the scrim-cloth screen. 
Reference was also then made to Miquel’s observations on the influence of 
rain in diminishing the number of bacteria present in the open air. 


il. The Incidence of B. Coli and B. Enteritidis Sporogenes at the Inlet. 


(a) Inlet Chambers.—On seven occasions neutral-red broth was exposed 
in each of the three chambers of which the inlet is composed. The 
aluminium dishes containing the broth were exposed on tables in the middle 
of the chambers. 


On three of these occasions observations were made with the anemo- 
meter at the doorways of the three chambers to determine the relative 
amount of air passing through each. As was to be expected, in all cases 
most air was passing into the airway through the centre chamber. The 
cette passing through the side chambers appeared to vary with the 
wind. 


The results obtained in these tests are instructive. On July 4th when 
the observations were made tea was in progress on the Terrace outside the 
inlet windows. Although less air was passing through the north chamber 
than through the other two chambers, B. enteritidis sporogenes was 
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obtained from the air in the north chamber alone. The exposure on this 
occasion lasted for half an hour. On July 7th the test was repeated with 
a similar result. On July 19th a third test was made, and 150 minutes 
exposure given, with the result that both plates in the north chamber 
became infected as against one plate infected out of four exposed in the 
other two chambers. A final test during tea on the Terrace was made on 
July 28th, and an exposure of 180 minutes given. The result was that 
B. enteritidis and two kinds of coli were obtained from the incoming air 
in the north chamber, whereas the plates in the other two chambers 
developed neither of these feecal micro-organisms. 

The presence of feecal matter in the air of the north chamber on these 
occasions is due to the fact that a horizontal grating crosses directly over 
the inlet window, and that during tea on the Terrace there is constant 
traffic over this grating. The feecal matter is aspirated off the boots of 
those passing over this grating by air drawn down into the chamber below. 

On two occasions, July 11th and 18th, tests were made in the inlet 
chambers at low tide. The fact that the mud of the river alongside the 
Terrace was bare was ascertained before exposing the plates. No definite 
evidence was obtained of the presence of particulate matter from the mud 
in the incoming air. It must be admitted, however, that on both occasions 
the test was made in the evening, and hence the effect of the sun on the 
mud was not tested. 


(b) Junction of three Inlet Chambers.—On 18 occasions tests were made 
at this spot with neutral-red broth. The exposure varied from 1 to 3 hours. 
On 15 occasions a negative result was obtained. On each of the three last 
occasions, however, B. enteritidis was present, and on the last occasion of 
all B. coli was also found. The exposure was between 2 and 4 hours on 
these three occasions when positive results were obtained. 


Characters of the Coli-like Bacteria obtained at the Inlet. 


Only one of the five coli obtained from the air at the inlet gave re- 
actions in the differential tests identical with those given by typical B. coli 
of the intestine. 

The results obtained at the inlet by exposing neutral-red broth are 
summarised in the following tables :— 


Tests with Neutral-red Broth in Inlet Chambers. 
































South Middle North 
Eix- Chamber. - Chamber. Chamber. 
No.| Circumstance. Day. iy ‘rin 
Do | cost, Pees pila Pate coh pate 
1 | End of tea on | July 4 |6.40t07.20) 30 — — — — | + 
Terrace. 
2 | Tea on Terrace » 1|4.15t04.45) 30 ~ _ — — a ivi 
( 5 LE teks to 1.25 10 = = a = — =. 
B LT Sw tide A ee AB 7.39 to 7.55 20 = = ae ee feat ee 
[ » al | 8t08.40 40 —- oe <a +— = ‘= 
5, 13 | 8.30 to 8.35 5 = ae at ae cs ue 
aoe Mi edness inser pe: immer TO eh eh Ree 
5 | Tea on Terrace » 19] 3.20t06 | 150 _ _ + _ ap 
one both 
plate. plates. 
6 Ae a » 26} 6t06.40 40 = = aes = “f ae 
7 | End of tea on » 28 | 4.45 to 7.45) 180 _ _ — — + + 
Terrace. two 
kinds 
of coli. 
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Tests made with Neutral-red Broth at Junction of the three Inlet Chambers. 





























No. HEY Bene Day. Hour (p.m.). Papeete. tt B. Coli, B. Enteritidis. 
exposed. 
] 4 May 2 7 to 8 60 — 
2 3 ss 3 6.25 to 8.25 120 — — 
3 3 5 4 2.40 to 3.40 60 - - 
4 3 i 10 3.40 to 4.40 60 _ _ 
D A: - ii 6.30 to 7.30 60 -- — 
6 2 ts 17 4,50 to 6.50 120 - _ 
7 4 Me 1s 9:39 10 ULAS 100 a — 
8 3 es 26 3.30 to 4.30 60 — — 
2 2 . OL Bay Oa 60 _ — 
10 2 June 1|> 9:12 to 11.12 120 _ — 
11 2 ‘ 6 6.45 to 10 195 ai 3 
12 | 2 aes 8.15 to 11.15 180 a 3. 
13 9 Hh PL EAN paneer rk esl) 100 - re) 
14 1 2 BEDS 7.45 to 8.45 60 — me 
15 2 M4 27 9.30 to 11.30 120 —_ = 
16 2 f 28 7.30 to 11.30 240 ~ Le 
17 | 2 99 | 9,22 to 11.22 120 = 4 
18 2 July 18 9 to 11.45 165 ao le 








ii. Streptococct from the Air at the Inlet. 


On 16 occasions streptococci were isolated from air at the inlet and 
examined. The total number of streptococci from the air at this point 
investigated was 39, and by their characters they were differentiated into 
17 different kinds. None of the streptococci could be identified with any 
of the five streptococci most abundantly present in the normal human 
mouth. 


This, notwithstanding the fact that on two occasions tea was going on 
on the Terrace, and a special attempt was then made to isolate saliva 
streptococci from the air at the inlet, as many as 20 plates being exposed ~ 
on each of the two occasions referred to, and carefully searched for strepto- 
cocci after incubation. ‘ 


Conclusion as regards Pollution of the Air at the Inlet.—Air entering 
the north inlet chamber is subject to pollution derived from the boots of 
persons passing over the horizontal grating through which air is drawn 
down into that chamber. 


Characters of Coli-like Bacteria isolated from the Air at the Inlet. 





























2 | Acid and Gas. 
z F 
a Exposure, oS & Ss 
No. Locality. Day. "Hour. in re 3 x) 
Minutes. Bal sg g eI 3 & 
; Bo) 2 re me ee 
2] .3| 2 | 2086 2 
0 |G ids) 4 nN a A | 
= p.m. 
1 | Middle Chamber July 11] 7.18t0 7.28 10 +) + ]+¢+ + loeboleeeliie 
2 | North Chamber | July 26] 6 to 6.40 40°) + | — | +) 4 ee 
3 | North Chamber July 28 |4.45 to 7.45 180 +}/—}+/+]—-]— at = 
(enteritidisalso 
present). 
4 | North Chamber ‘; 5 180 + fi | 4 | ee 
5 ee of in- | July 18] 9 to 11.45 165 t+) +i +i +) —] + 4+] — 
ets. 
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Characters of Streptococci isolated from the Air at the Inlet. 




















fore 

ae zZ Ps d Diy ne z 
am He lott mode eis oth ei bay) aadt vetislal biggil 08 
5 =) z D 4 ee} Ke a eee te oT D 
1 | - | - + — etl des FON Wl os 3 4 

: 13 aw spd og peak pla SOO} OLD FO OURS Bt) 3 
moe) Welintoper-; Jot ek aiilerze| omaieib = — 7 8 
4 | — _ + — — — +: to — # 4 

5 - ~ a ~ — — + 3 — 5) 6 

3 6 — — ~ _ — + + + _ i L 
a ~ — 7 oF “s st + + rm 1 1 

8 _ me tol ee + — + + - 2 2 

10 {| — _ - ss “ + + + i 1 1 

11 - — + os = 1 3 5 1 1 

12 + _ + ot TE tt a + a 1 1 

5 | 13 = — + +t - a + + + 1 1 
14 - — oe res AS =F te “i Se I J 

15 — + + 2 “% 3 ig -f - 1 1 

6 Bis 4 ~ + + + B H + re 1 1 
17 — + ot 7 re ay + + 1 1 























(B.)—AIR BETWEEN THE INLET ON THE TERRACE AND THE FLOOR OF THE 
DEBATING CHAMBER. 


The portion of the airway under review is about 300 feet in length. 
After passing the fan, the air-stream goes through the scrim-cloth screen, | 
and next reaching the interior. of the cotton-wool filter fixed some 
25 feet below centre gangway of the Debating Chamber, it turns 
at a right angle to its previous course, and now proceeds vertically 
upwards through the Battery and Equalising Chambers in succession till. 
it penetrates the floor of the Debating Chamber, mainly in the middle liue. 


Numerous tests were made by exposing culture-media to the air at 
various points along the airway between the inlet on the Terrace and the: 
floor of the Debating Chamber. The three things determined were, first, 
the general bacterial incidence; second, the presence or absence of bacteria 
indicative of fecal pollution; and third, the presence or absence of 
streptococci characteristic of saliva. 


i. The general Bacterial Incidence. 


. The accompanying table shows the result of six representative tests. 
In the test first in the list the scrim-cloth screen was not in use, but in al! 
the remaining five the air was being passed through it. 


The first two tests have been termed “ Controls,” because in the case of 
the first no one at all was in the Debating Chamber, and in the second only 
a few Members were present in the Chamber, and they departed in the 
middle of the test. ; | 


The results yielded by the plates show that by the time the air reaches 
the cotton-wool filter a diminution occurs in the number of bacteria 
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deposited by it. The diminution is maintained in the Battery Chamber 
and also in the Equalising Chamber when the Debating Chamber is empty, 
or when only few Members are present. 


{ 


I was inclined at first to consider this diminution iin the bacterial 
incidence to be due to the filtering action of the scrim cloth, but the test 
made in the Whitsun recess (No. 1 in the list), when the scrim cloth had 
been removed, showed that the diminution was due to some other'cause. It 
is probable that three factors contribute to produce the diminution referred 
to. First, by reason of the length of the air passage between inlet and 
cotton-wool filter, gravity is continuously acting on the particulate matter in 
suspension in the air for a distance exceeding 250 feet; secondly, the vary- 
ing width and tortuosity of the passage obstructs the flow of particles in the 
air much after the fashion that the structure of the upper portion of the 
human respiratory passages (e.g., the nasal cavity and the glottis) arrests 
a large proportion of the particles of soot and dust suspended in inspired 
air; thirdly, I attribute the decrease to a smaller volume of air passing into 
the cotton-wool filter than along the airway at the inlet owing to loss at 
the origin of the shaft to the Commons Lobby. : 


The bacterial incidence at the cotton-wool filter, therefore, is less than 
at the inlet. As regards the incidence inside the filter, it will be noticed 
that a larger number of bacteria were deposited at the end of it under the 
Bar than in the middle of the filter, or at the opposite end of it under the 
Chair. This is due to the fact that the air-stream enters the filter mostly 
through the door at the end of it below the Bar. 


The most striking feature of the bacterial incidence between inlet and 
floor of the Chamber, however, still remains to be noticed. The figures of 
chief interest are those yielded by plates exposed in the middle line under 
three points below the centre gangway of the Debating Chamber, viz., 
beneath the Chair, the middle, and the Bar respectively. These plates were 
exposed in the Equalising Chamber, in the Battery Chamber, and in the 
inside of the cotton-wool filter, successively downwards. 


The numbers shown by the plates exposed on these three floors below. 
the Debating Chamber clearly prove that during Debates (Tests 3, 4, 5, 
and 6) the bacterial incidence is greatly increased in the Equalising 
Chamber below the Bar, and sometimes also behind the Speaker’s Chair. 
The increased incidence below the Bar, moreover, penetrates downwards 
on some occasions to the Battery Chamber to a point there 17 feet below 
the floor of the Debating Chamber. 


On the other hand, when few or no people are in the Debating Chamber, 
the increased incidence at the points mentioned is not seen (Tests 1 and 2). 


The cause of the increase in the bacterial incidence is piain to one 
present in the Equalising Chamber during a Debate. The portions of the 
Centre Gangway of the Debating Chamber below the Bar and behind the 
Chair, under which the increased incidence occurs, are the places where 
“ traffic ” is most active. The friction of the soles of Members’ boots on the 
openwork string matting produces a rasping noise distinctly audible in the 
Equalising Chamber when. Members stop, alter their direction, shift their 
feet, or turn round. The increased bacterial incidence is, in fact, obviously 
due to the up-going air at the points mentioned being polluted by showers 


of bacteria falling from Members’ boots. 
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The General Bacterial Incidence between the Inlet on the Terrace and the 
Floor of the Debating Chamber. 





dh 

















Control Tests. 
t , | H E ‘ Debate in p : : 
Condition, | Whiteun | cooeionally | Progress | Bebatein | Debatein | Debate in 
House Empty. (Baia), - iS 
Empty. Avcompes | 
oy. No. I. 2. on 4, 5. 6. 
Day . ? May 26 May 16 | May 10 May 11 May 17 May 18 
Hour (p.m.)... ~-830t0 | 7t8 | 840to | 630to | 450to | 9.35 to 
4,30. 4.40, 7.30. 6.50.0 ela, 
Exposure in minutes 60 60 | 60. 60 120 80 
Inlet :.: B87 36 |bemioy) 79 394 eo ee 
Passage after fan 320 686 a oe. 571. | 289 
Cotton-wool filter— et! | . | 
Under Chair 10 59 2 25 Taine cE 
Pe middia...| 130 155 15 38 m5 |} 62 
O1 Bar 164. BIT SA NB 63 154 89 
Battery Chamber— . 
Under Chair ... 42 5a | 11 18 71 18 
» middle. 42 Te | 25 29 126 19 
Dt NBat\s, >... ATS IN X83 161 195 88 ti 
Equalising Cham- 
ber— 
Under Chair ... | 60 usp 154 120 78 17 
» middle... 74. 70 15 45 92 22 
| Barked... 43 52 917 367 388 137 























The figures in heavy type show an increase of incidence due to showers 
of bacteria from Members’ boots. 


Having ascertained that the air at these three points was being polluted 
by bacteria brought in on Members’ boots, further tests were next made in 
order to determine the degree to which air under other parts of the floor of 
the Debating Chamber was polluted from the same cause. 


Detailed tests of the general bacterial incidence were accordingly 
made, chiefly in the Equalising Chamber, but also in the Battery Chamber, 
and in the inside of the cotton-wool filter. 


Detailed Tests of the general Bacterial Incidence in the Equalising 
— Chamber. 


The results obtained in four tests are shown in the accompanying 
diagrams, in which the numbers yielded by the various plates are recorded at 
spots corresponding to those at which the plates they refer to had been 
exposed. : 


The figures show that the air of the Equalising Chamber is, as a rule, 
more polluted below the Centre Gangway, between the Bar and the Lobby 
door under the clock, than below other parts of the Debating Chamber. 
The excess of bacterial incidence beneath the locality mentioned is very 
marked in Tests 2, 3, and 4. 

The second worst place was found to be below each of the two side 
Gangways. | 
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On one occasion (Test 1) the numbers were greater below the Irish 
Benches than elsewhere. On another the incidence was excessive below the 
Centre Gangway behind the Chair. | 


Incidence of Micro-Organisms at Various Parts of the Equalising 
Chamber (I.). ers 


The plates were exposed at these points on June 6th, 1904, from 
8.15 p.m. to 9.15 p.m. The House adjourned at 7.30 p.m. and met again 
at 9 p.m. 


Chair End. 














Opposi- 
tion 
Side. 
a 
M® PATEY'’S VENTILATOR’S 
OFFICE. OFFICE—t 
Bar End. (Mean = 66). 
6 


The part shaded is situated beneath the Centre and Side Gangways. 
The numbers refer to the number of Colonies appearing on agar plates 
exposed at these points, and incubated for two days at 22° C. 


Result.—Highest incidence under Irish benches, 99; under Govern- 
‘ment Side Gangway, 86; and at extreme of Bar end of Centre Gangway, 81. 


37 


Incidence of Micro-Organisms at Various Parts of the Equalisiny 
. Chamber—cont.—(I1.). 


.., The plates were exposed at these points on June 7th, 1904, ipORn 9.30 to 
10.30 p.m. gq Gk. 


<—MB& PATEY'S VENTILATOR’S 
‘OFFICE: 





(Mean = 33.) 


~.. Result,—Highest incidence at extreme of Bar end of Centre Gangway, 

102; there was a' considerable drop between this plate and the next three, 
which yield 48, 43, and 48, and were situated under Government and Oppo: 
sition side Gangways and under the Centre Gangway at the Bar. 
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Incidence of Micro-Organisms at Various Parts of the Equalising 
Chamber—(cont.)—(/1T.). 


The plates were exposed at these points on June 8th, 1904, from 
9.45 p.m. to 10.45 p.m. 


4— MB PATEY'S VENTILATOR’S 
OFFICE. 





(Mean = 28). 


Result—Highest incidence under Centre Gangway at Bar end, 60 and 
66 respectively. The third plate in point of numbers had been Bt 
under the Opposition side Gangway, and showed 45 colonies. 
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Incidence of Miero-Organisms at Various Parts of the Equalising 
Chamber—cont.—(IV.). 


Thé plates were exposed at these points on May 9th, 1904, from 9.20 p.m. 
Chair End. 


UV, 


OO, 











Government 


Opposition 
Side. i 


Side. 





Bar End. 


Ditto 10.40 to 11 p.m. (20 minutes). 


Chair End. 


Government Ff Opposition 
eal SLL STA ci 





Result.—Highest incidence beneath the Bar; after this behind the 
Chair. 
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Detailed Tests of the Bacterial Incidence in the Battery Chamber. 


Tests were made on the following dates:—June 13th, 8 to 9 p.m.; 
June 14th, 9.40 to 11.10 p.m.; June 19th, 9.50 to 10.50 p.m. 


In these tests three plates were exposed in each of the five. compart- 
ments of the Battery Chamber, and one plate was exposed in the passage 
outside, below a grating in the floor of the Equalising Chamber under the 
Opposition side Gangway. 


The results of the tests showed no marked difference in the. shaeteneg 
at various parts of the Battery Chamber. The tests having been made in 
Ascot week, however, attendance in the Debating Chamber was less than 


usual. 


Detailed Tests of the Bacterial Incidence inside the Cotton-wool Filter. 


Two tests were made: one on June 27th, 9.25 to 10.25 p.m.; the other 
on June 28th, 7.45 to 8.45 p.m. The results are seen in the accompanying 
diagrams. 


The numbers are seen to decrease towards the Chair end—a point 
observed in previous tests inside the filter. JI was unable to attribute the 
increased number of bacteria at the Bar end of the filter as compared with 
the Chair end, to bacteria derived from Members’ boots. There are gratings 
above the filter which communicate upwards with the floor of the Debating 
Chamber 17 feet above them, but, owing to the V-shaped form of the filter, 
I was prevented from examining the incidence below all of these spots. 


acterial Incidence inside Cotton-wool Filter, looking from above. 


ee 
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June 27 
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Conclusions with regard to the General Bacterial Incidence along the 
Airway between the Terrace Inlet and the Floor of the Debating 
Chamber. 

The general bacterial incidence from the air-stream at the site of the 
cotton-wool filter is less than at the inlet. 

During Debates a very marked increase occurs in the incidence under 
the portion of the Centre Gangway of the Debating Chamber, between the 
Bar and the door under the Clock. An increase is also sometimes observed 
under the Centre Gangway behind the Chair, and under the side Gangways 
during Debates. The increased incidence in these places is due to showers 
of bacteria falling from Members’ boots, and these bacteria may penetrate 
downwards into the Battery Chamber to a point 17 feet below the floor of 
the Debating Chamber at the Bar end. 


ii. The Incidence of B. Coli and B. Enteritidis Sporogenes. 


Tests with neutral-red broth were made five times in the cotton-wool 
filter, 12 times in the Battery Chamber, and 16 times in the Equalising 
Chamber. 

Full details of those tests and their results are contained in the 
accompanying tables. 

The tests in the cotton-wool filter were all negative as regards fecal 
pollution. Two of the tests in the Battery Chamber, however, and six of 
the tests in the Equalising Chamber yielded positive evidence of the 
Specs in the air of polluting material, recent or non-recent, of this 
kind. 

The character of the B. coli-like micro-organisms isolated are seen in 
the table. Typical B. coli of the intestine was obtained only twice, viz., 
on one occasion (May 10th) from the air of the Battery Chamber below the 
Bar, and on another (July 18th) this micro-organism was present in both of 
the two plates exposed in the Equalising Chamber under the Bar. 


Tests with Neutral-red Broth inside Cotton-wool Filter. 
































Chair. Middle. Bar 
No. of Exposure, 
No. pater Day. Hour. ie ten Ai af Pe 5a 
used. inutes. pel i- : i- : a 
Coli. Eten Coli. | inter Coli. ie 
i | 
| p.m. 
1 3. |. May.10 3.40 to 4.40 | 60 - ~- — = — o 
| Sa geen: GAO toc a0 66 {| — | =|. 1 
3 Fa Or 17 4.50 to 6.50 120 — ~ mae = - 
+ 3 Sa as O35 to) 1225 110 — es alk tm — ae 
5| 2 | Betz1-| 28° | 66} — } 90 |) ss 
| 























Tests with Neutral-red Broth in Battery Chamber below the Bar. 






































t | 
No. of Exposure, | ; 
No. | Broths Day. Hour. ie UBL Ostaa anes Remarks. 
used. Minutes. ae: 
p-m. 
uy 3 May 10 3.40 to 4.40 60 + + 
2 3 say yl OE 6.30 to 7.30 60 — — 
3 4 talk 4.50 to 6.50 120 — a 
4 4 yee |. 9.35 to 11.15 120 — - 
H) 3 Re ehh 2 to 3 60 — a 
6 2 June 1 9.12 tod Ll 120 — — 
7 8 mY TG 6; 8 to9 60 rey od a Six broths else- 
where than unde. 
Bar negative. 
8 8 ,. 14 9.40 to 11.40 120 + ~- Ditto. 
9 1 > ek 9.30 to 11.30 120 _ —_ 
10 il eae 9 to 11 120 _— — 
rt 2 ibe 9.28 to 11.28 120 _— — 
12 1 July 11 9.15 tot5 120 ~ — 
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Tests with Neutral-red Broth in Equalising Chamber. 



































Chair. Middle. Bar. 
a ‘ a banee iS | : 
No. | 2 Day. Hour. se a A 3 Remarks, 
oF BS 3 3 5 | 
Cn °F ae Lob Aeedts | EN ad Eire 
6 Ra PS tie fea | Seba 
A ca) o <a cS <a o an 
p-m. 
1{| 3| May 3] 6.25to8.25 | 120} —|—|]—{|—/]+]4 
24 4 A 4 | 2.40 to 3.50 70}; —-}/—}—}—}]—] = 
ee RS » 40 | 320 to 4.40 60; —};—;/—}|—-/]—]— 
#) 3 » 11 | 630t07.30 | 60} — | — | — | — |(Broken) 
5 is 5 (17 | 450t0 6.50 |.120}—}—}| -—}| =| =) + 
6 had » 18 | 9.85 t0 11.15 | 120} —}; —-| —| —|]—-] = 
kel aa eames os 2.0 to 3.0 60} — | —-)— -— |.- |] -— 
8/ 3] June 1 9. 30 to 11.20 | 120} + | +]—-—}—-|-—]} - 
st isc eee Tats SOLO 60} —;}—];—}]—}—|— | 6 other N.R.B.s 
negative. 
1p) 8 »  ?¢ | 9.80 to 10.30] 60} —| — | —|—}|]—|+ |] 6 other N.R.B.8 
negative. 
HLT HOD }) 27))9i30 t6'1 L330 | 120 —|— 
Dink 3 28] 90toll.O | 120} —)|—}—-}|—|—] + 
ye » 29 | 9.35 to 11.10} 8 | —|— —|— 
14| 2| July 41} 9.10 to 11.20 | 130] — | — —j— 
Pp rel mr LY panto to ft.lo"| 120 —|/— 
16} 2 » 18 | 9.15 to 11.40 | 205); —} — |} —| — | + | — | 2 plates, both show 
coli. 




















Characters of B: Coli-like Bacteria isolated from the Air between the 
Terrace Inlet and the Floor of the Debating Chamber. 



































| A. a . g 
de sg ee Z 3 
No, Locality. | Day. Hour. | Fi 5 33 2 z E idea ieee ie 
Bere rere Se fee Poe) oe 
| je {Slap Spe pa pape pa 
p.m. 
1 | Bar Battery | May 10 | 3.40 to 440 | 60 Si ie ch oles eae Pearse ay all oe ae 
Chamber. 
2 | Bar Battery | June 14 | 9.40 to 11.10} 120 ce eas: | eke Ree e Seat eae ems 
Chamber. 
3 | HKqualising Bar | May 3 | 6.25 to 8.25 | 120; —| —| +/—]|—-}]-|4+]- 
4 | Equalising Chair| June 1 | 9.30 to 12.30) 120} —| +-]+)—);—-—]|+]4+)]- 
5 | Equalising Bar | July 18 |9.15 to 11.40) 200 | + | +) +)+/]—-—|]+)+1}- 
5B | Equalisingfrom| ,, 18 |9.15t0 11.40) 205; +) +),+])+/]/—-/]4+]+ - 
another plate. 














il. Streptococci. 

Fourteen streptococci isolated from the air of the Battery Chamber 
below the Bar, and 42 streptococci from the air of the Equalising Chamber 
below the same point, have been examined in detail. Not one of these 
56 streptococci could be identified with any of the 5 streptococci most 
frequently present in saliva. 

This result is satisfactory. It confirms the inference from the result 
of the examination of the streptococci present in material shed directly 
from Members’ boots on to the paper spread in the Equalising Chamber 
under the Bar. No evidence, therefore, was found that Members bring 
in particles of sputum from the pavements on their boots and impart 
them to the air-stream. 


Origin of a large Proportion of the Streptococci obtained from the Air of 
the Equalising and Battery Chambers. 


There is no doubt that a large proportion of these pba ieee were 
brought in upon Members’ boots. | 
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Five of the 14 streptococci isolated from the air of the Battery 
Chamber, and 10 of the 42 obtained from the air of the Equalising 
Chamber, were never recovered from the air at the inlet by the Terrace. 
This circumstance alone is suggestive. Further evidence is seen in the fact 
that. on two occasions the same rare streptococcus was isolated in the same 
test (i.¢., at the same time) from the air below the Bar both in Equalising 
and Battery Chambers. One of the two types of streptococcus referred to 
has not, up to the present, been again obtained elsewhere. 


The number and variety of streptococci in material shed from 
Members’ boots was very large. The only kind of streptococcus that 
occurred in more than one sample of this material was the common “ air 
streptococcus,” giving positive re-actions in saccharose, salicin, and 
coniferin. Eleven specimens of it were obtained in nine tests in the 
Equalising Chamber. A certain streptococcus found in the air of the 
Equalising Chamber, viz., No. 18, has only been found once again, namely, 
in one of the samples of material shed directly from Members’ boots on 
to the paper in the Equalising Chamber. 


The large number of positive re-actions exhibited by a considerable 
proportion of the streptococci obtained from air under the Debating 
Chamber is very striking, and especially the fact that six kinds from the 
Equalising Chamber air and three from the Battery Chamber air acted 
upon mannite. Although 300 streptococci isolated from 22 samples of 
saliva have been tested by me in this respect, not one of them acted upon 
mannite. On the other hand, certain streptococci of feecal origin readily 
decompose mannite with an acid re-action. . 


Conclusion as regards Pollution of the Air between Inlet on the Terrace 
and Floor of the Debating Chamber. | 
The air in the Equalising and in the Battery Chambers below the Bar 
sometimes derives feecal pollution from Members’ boots. 


Characters of Streptococci isolated from the Air below the Bar in the 
Battery Chamber. 
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Remarks.—Five of the above streptococci, viz., Nos. 5, 7, 8, 9, 10, were 
not recovered from air at the inlet, which was always tested at the same 
time. This strongly suggests that they were added to the air at the 
present point. 


Streptococcus No. 7 of the above was recovered from the air of the 
rae Chamber under the Bar in the same test (May 10th, 3.40 p.m. to 
40 p.m.). 7 


Streptococcus No. 6 was also recovered from the air of the Equalising 
Chamber under the Bar in the same test (May 18th, 9.35 p.m.to 11.15 p.m.). 


45 


Characters of Streptococci isolated from the Air in the Equalising 
Chamber, chiefly under the Bar. 
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* Also recovered from Members’ boots. 


Remarks.—Ten of the above streptococci, viz., Nos. 7, 9, 10, 11, 13, 14, 
17, 18, 19, 20, 21, were not obtained from the air before this point. 


A streptococcus identical with streptococcus No. 11 was isolated from 
air leaving the Debating Chamber—in a downcast shaft- -the day follow- 
ing that on which No. 11 was found below the Bar in the Equalising 
Chamber air. 


(C.)—Air IN THE DEBATING CHAMBER. 


The air inside the Debating Chamber has been examined on two 
occasions :— 
i. On January 31, 1904, before the opening of Parliament; and 
ii. On Friday, February 19, after the adjournment of the House. 


On both these occasions neutral-red broth was the medium used. 
Particulars and results of the tests are as follows :— 


i. The Test made on January 31st. 


The ventilation was not in action during this test, Which was made 
at the same time as the first control experiment in the speaking experiments 
to be described later. 


Twenty-six broth plates were exposed: 22 on the floor, and 4 on 
top of the gallery rail, at points half-way along each side of the Chamber. 
The position of the plates exposed on the Benches on the floor in this 
experiment can be readily seen from the accompanying diagram. 


The plates were left exposed to the air of the Chamber for 2 hours. 


One of the plates was broken in transit. The remaining 25 were 
incubated for 48 hours anerobically at 37° C. and then examined. 


Air in 
Debating 
Chamber. 
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Result: 


Seven of the 25 broths that had been exposed showed no growth of 
any kind. 


None of the remaining 18 showed either B. coli or B. enteritidis. 


Only three of the broths showed streptococci. On examination, two of 
these streptococci were found to be distinct from streptococci characteristic 
of saliva. The third streptococcus, however, was identified with one of 
the two streptococci most characteristic of saliva. This salivary strepto- 
coccus was recovered from the air over a bench in the middle of the Irish 
Benches. 


Remarks.—The single plate infected with a streptococcus of saliva in 
this experiment was possibly an error of experiment. 


Diagram of the Floor of the Debating Chamber showing positions in which 
Plates were exposed in Tests on January 31 and February 19, 1904. 


Government Side. Opposition Side. 





@® = Position of broth plate. 


ul. The Test made on February 19th. 


During the Debate preceding this test, the number of persons present 
in various parts of the Debating Chamber had been as follows :— 


Members... he: Ot 45 dade 368) 
Strangers ag, a LB: Hs, 60 
Peers and official seats... ae ae 18 
Speaker’s Gallery a et bis 22 
Ladies’ Gallery... be ne me 28 
Reporters’ Gallery ee ib Se 34 

Total ..... . 462 


———_ 


Owing to the fact that some Members lingered in the Chamber, it was 
not till between 10 and 15 minutes after the actual adjournment that the 
plates were exposed. The ventilation was continued until the plates were 
exposed, and then stopped. 


The positions in which the plates were exposed on the floor were the 
same as in the previous test. In the galleries in the present test, however. 
instead of four plates, 18 were exposed, including two in the Ladies’ 
Gallery. | ont: J e, Hesidersns Shon 32.161, Bota 
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Above the ceiling also in the present test 11 plates were exposed, one 
being placed by the large shutter at the Bar end of the roof, six along the 
iron bridge that spans the ceiling from end to end, and four in the mouths 
of the four down-cast shafts leading from above the chair end of the 
ceiling. 

One broth plate was also placed beneath the Bar, in the Equalising 
Chamber. This plate was exposed before the House adjourned. 

The plates in the Debating Chamber were exposed to the air for one 
hour and then collected. fo 


_ The 52 tubes containing the neutral-red broth that had been exposed 
in the ee were incubated anerobically for 48 hours at 37° C. and then 
examined. 


Result. 


One of the 52 broths were broken. 
Five of the 51 broths showed no growth. 


None of the remaining 46 broths contained B. coli. None of the broths 
exposed in the Debating Chamber showed B. enteritidis sporogenes, 
the latter, however, was present in the plate exposed in the Equalising 
Chamber, and also in one of the plates exposed in the mouth of a downcast 
above the ceiling at the Chair end. 


No less than 31 of the broths contained streptococci. In each case 
the streptococcus present was isolated in pure culture, sub-cultured, and 
examined. The result was that only three of the streptococci could be 
identified with one or other of the five streptococci most characteristic of 
saliva. , 

The places where the three broths infected with salivary streptococei 
had been exposed to the air were as follows :— 


(1) On the middle of the Treasury Bench. 

(2) On the middle of the back Bench under the Gallery on the 
Government side below the Gangway. 

(3) On the middle of the second Bench from the front on the Opposi- 
tion side above the Gangway. 


A streptococcus giving re-actions identical with those of a strepto- 
coccus obtained previously from horse manure was obtained from a plate 
that had been exposed on the front Opposition Bench below the gangway. 


The characters of all the streptococci obtained from the air of the 
Debating Chamber and roof, on January 31st and February 19th, respec- 
tively, are seen in the accompanying table. (Page 48.) 


Remarks—The fact that saliva droplets were only detected in the 
three places mentioned does not necessarily mean that only a few droplets 
of saliva had been present in the air of the Debating Chamber during the 
preceding debate. The loss of ten minutes at the beginning of the test 
would allow a large number of the droplets to settle. 


Salivary pollution, therefore, was first detected in the air of the 
Debating Chamber itself. The results of the examination of air leaving 
the Debating Chamber during Debates will now be described. 


(D.)—AtIR LEAVING THE DEBATING CHAMBER. 


i. Atr over the Ceiling. 


Air passing out of the Debating Chamber through the ceiling is 
disposed of diffently at each end.*. At the end of the ceiling over the 
Chair the air is drawn down through four downcast shafts to the basement, 
and thence through a long passage to the exhaust furnace at the foot of the 


* These conditions are now altered, all the air being extracted by a fan over the Bar 
end and the downcasts shut off from the Debating Chamber. . 


Air after 
Debating 
Chamber. 
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Clock Tower. At the end of the ceiling over the Bar, on the other hand, 
the air is immediately drawn out by an exhaust furnace in a small tower 
there situated, known as the Commons Lobby Tower. 


Test 1.—On July 4th. Ten plates were exposed from 10.40 p.m. till 
11.10 p.m., during a Debate, in the track of the outgoing air at the end of 
the ceiling over the Bar. Seven of these plates contained agar, the other 
three Drigalski’s medium. After incubation for 48 hours at 37° C. all 
streptococcus-like colonies that had developed on the plates were sub- 
cultured and examined. Three streptococci were thus obtained, but none 
of them could be identified with a streptococcus characteristic of saliva. 
ane characters of these streptococci are included in the accompanying 
table. 

No evidence of saliva in the air leaving the Chamber over the Bar end 
was obtained, therefore, in this test. The exposure of the plates, however, 
was only of 30 minutes duration. 


Test 2—On July 26th. Six agar plates were exposed across the air 
track at each of the two ends of the ceiling. Six plates containing 
Drigalski’s medium were also placed at each end by the side of the agar 
plates. Thus 24 plates in all were used. 

The plates were exposed to the air from 10 p.m. till 11 p.m., and a 
Debate was in progress while they were open. 

All the plates were incubated at 37° C. for 48 hours, at the end of 
which time the colonies that had developed upon them were counted. The 
mean number of colonies per plate at each end was as follows :— 








Situation. Agar. Drigalski. 
Ceiling, Bar end ... on na 66 3 
Ceiling, Chair end ae ce 47 1:8 








The total number of bacteria deposited on both media, therefore, 
appeared to be considerably greater at the Bar end. This result was to 
have been expected in view of the fact that anemometer observations 
showed that considerably more air passed out at the end over the Bar than 
at the other end of the ceiling. 


Characters of the Streptococci isolated from the Air at each end of the 
Ceiling in this Test. 

All colonies on the agar plates in the least resembling streptococcus 
colonies were sub-cultured, and in this way all the streptococci present were 
isolated in pure culture and subjected to examination. 

As a result, seven streptococci were obtained from each end of the 
ceiling. The number of streptococci deposited from the air at the two 
ends was therefore equal. 

Examination of the characters of the 14 streptococci showed that only 
three of them could be identified with streptococci of saliva. Two of these 
salivary streptococci were obtained from the end over the Chair, and one 
from the end over the Bar. 

One of the two streptococci obtained from the air at the Chair end had 
characters identical with those of a streptococcus 8th in frequency in 
saliva, 10 specimens of this micro-organism having been obtained from 
seven out of 22 samples of saliva. This streptococcus was isolated from a 
plate exposed in a doorway admitting air from above the Speaker’s and 
Ladies’ Gallery to the downcasts. The second streptococcus of saliva 
isolated from the Chair end came from a plate that had been exposed in 

the mouth of the second downcast shaft. It was identical with one of the 
two types most frequently present in saliva, 43 specimens of it having been 
isolated from 17 out of 22 samples of saliva examined. 

The single salivary streptococcus obtained from the air over the ceiling - 
at the Bar end in this observation was isolated from a plate exposed on the 
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iron bridge near the middle shutter at that end. It was identical with,a 
streptococcus 6th in frequency in saliva, 13 specimens of it having been 
obtained from 8 of 22 samples of saliva examined. 


It would appear, therefore, that in spite of the larger volume of air 
passing out over the Bar end of the Debating Chamber, and in spite of the 
total number of bacteria deposited from the air at that end being greater; 
as many streptococci fell upon plates at the Chair end as upon plates at 
the Bar end, and actually more streptococci of saliva fell from the air on 
the plates at the Chair end than fell on the plates at the end over the Bar. 


The characters of all the streptococci obtained in this test are included 
in the accompanying table. 


It should be added that at 10.15 p.m., Dr. Hurtley made a determina- 
tion of the carbonic acid in the air at the end of the ceiling over the Chair. 
He found 5°6 per 10,000 vols. of air—a respiratory impurity roughly of 
16, and therefore within de Chaumont’s limit. In spite of this result, 
however, the air at that end smelt slightly, but distinctly unpleasant, as 
I have frequently observed it to do during debates.* 


Characters of Streptococci isolated from the Air over the Ceiling. 
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ii. Air at the Shutters of the four Downcast Shafts leading from the 
Chair End of the Ceiling. 


The four downcast shafts which convey air from above the Chair end 
of the Debating Chamber to the Clock Tower originate from a point above 
the Speaker’s and Ladies’ Gallery, and downwards for 68 feet to the 
basement, where tney communicate by flap-valves with a passage which 
extends for 240 feet until it reaches the fire at the base of the Clock. Tower. 


The four downcast shafts pass downwards for 68 feet to the basement, 
where they communicate by flap-valves with a passage which extends for 
240 feet until it reaches the fire at the base of the Clock Tower: 


At a point 45 feet from their origin in the ceiling, and about the level 
of the Equalising Chamber, the four downcast shafts have, fixed across 
their cavities, shutters by which, if need arise, the air passing through 
from the Chamber to the Clock Tower can be controlled or stopped. These 
shutters formed a convenient spot for examining the air passing out of 
the Chamber to the Clock Tower; for culture media exposed upon them 








™ Since the alteration made in 1905, this unpleasant smell of air passing outfier the 
Chair end has not been perceptible. ; ope 
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was placed at right angles to the air descending vertically downwards 
‘inside the shafts. Both air-current and gravity, therefore, here combined 
to ensure the deposition of particulate matter suspended in the air in 
the shafts. on to the surface of media exposed in plates upon the 
shutters. | 


» As the mouths of the downcasts are 70 feet above the table of the 
Chamber, and the shutters are 45 feet below the mouths of the downcasts, 
particulate matter travelling from the region of the table of the Chambex 
to these shutters would traverse a distance of 115 feet. 


Owing to the fact that the shutters of the downcasts were approach- 
able from below the Chamber, I was able to carry out a considerable 
number of bacteriological observations at this point. The results obtained 
will now be described. 


(a) The general Bacterial Incidence in each of the four Downcast Shafts. 
Agar at 22° C. 

_. On all of three occasions when this medium was exposed on the 

shutters, the number of bacteria deposited by the air in the second shaft 

was considerably i in excess of that found in the other shafts. Shaft No. 2, 


therefore, was the best bacterial “air drain” of the four. The actual 
numbers are seen in the accompanying table. 


Number of Bacteria Deposited on Plates by Air in the four Downcasts 
at the Level of the Shutters. 


Agar at 22° C. 
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Drigalski Medium at 37° C 


Results obtained with this medium confirmed the above inference. 
The mean of eight tests showed that the number of bacteria deposited by 
air in the second shaft* was almost double that found in the shaft next in 
point of numbers, and over double that found in the remaining shafts. 
The actual figures are seen in the following table :— 


Drigalski and Conradi Medium 37° C. 












































Exposure in| Down- Down- Down- D 2 
Test. Day. | Hour. Bingiten: east I. cast IT. | cast III. . caat LV. 
p-m. 

1 June 1 .. 9 to 11 120 10 31 1 Bs 
2 9 6.55 to 10 180 1 20 a 13 
3 oan S43 9.30 to 10.30 60 6 10 D lz 
4 Spy’. 28 9.20 to 11.10 110 15 28 14° 14 
4) PW IS) 8.50 to 11.15 145 g 2g 10 20 
6 ,, 14 9.30 to 11.30 120 26 24 6 1 
7 mand ce) 9.30 to 10.30 60 4 14 9 7 
8 W729 10 to 11 60 4 im! 4 1 
Mean... 107 9 20 7 PE 





* The shaft called II, in these experiments is the 3rd from the Government side at the 


ceiling opening, but second at the level of the shutters. 
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The general Bacterial Incidence from the Avr of the Shafts: (1) When 
the Chamber was empty, and (2) During a Debate. 


In a test made on June 27th, the number of bacteria deposited by 
air passing through the shafts was observed: (1) when the Chamber was 
empty during the adjournment for dinner, and (2) during the Debate that 
occurred later in the evening. Besides agar plates afterwards incubated 
at 37° C., Drigalski plates were exposed in these two tests. The colonies 
were counted after 48 hours. The results are seen in the following table :— 


Number of bacteria deposited on Plates by Air in the four Downcasts at the 
level of the Shutters: (A) when the Chamber was empty, (B) when 
the Chamber was full. 


Downcast I. Downeast IT. Downeast III. | Downeast IV. 


Condition of Chamber. Bees A 











Agar. | Drig. | Agar. | Drig. | Agar. | Drig. | Agar. | Drig. 




















p.m. 
Empty (during ad- | 7.45 to 8.45} 108 2| 261 61-226 8 | 162 8 
journment for | 
dinner). 
Later (during debate) | 10 to 11, 275 LDaliy F280 32| 260 12 | 302 28 
Division at 

















10.20 p.m. 
Difference ... cae ae 67 13 | 165 26 34 4} 140 20 
Maas 
Agar. Drig. 
Chamber empty ... oot ae 189 6 < 
Debate and division going on ... 290 ral 
Difference ... ep wa cs 101 15 
Per cent. increase during De- 52 290 
bate. 





The figures show that air passing through the downcasts deposited on 
both media a larger number of bacteria during the Debate. The increase 
shown by the agar plates was at the rate of 52 per cent., but the increase 
shown by the Drigalski medium was at the rate ot no less than 250 per cent. 
In brief, taking the increased development upon agar as 1, then the increase 
during Debate on the Drigalski medium was 47. As the latter medium, 
unlike the agar, inhibits the growth of a large number of saprophytic 
micro-organisms, this result implies that the chief increase produced by 
the presence of persons in the Chamber did not at all events occur amongst 
this class of micro-organisms. 


(b) The Incidence of B. Coli and of B. Enteritidis Sporogenes in the Atr of 
the Downcast Shafts. 


On four occasions, plates of neutral-red broth were exposed on the 
shutters, but all gave a negative result as regards B. coli or B. enteritidis. 
On a fifth occasion, when a plate was exposed for a long time (200 minutes) 
i the second shaft, it became infected with B. enteritidis. 
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Tests with Neutral-red Broth in the Downcasts at the Level of the Shutters. 























Downeast I. | Downeast II. | Downcast III.} Downeast IV. 
Exposure ‘ 
Test. Day. | Hour. _in é : ’ 
| mites) ont [Rat@e | coat ES | con. | Hater} con, | Bases 
p-m. 
Tt Lltines |. | Sul tor bt. 15 120 _ = z ae = = — — 
2 ra 9.45 to 10.45 60 — _ = _ — — _ _ 
3 e 120.5) 7.90 to * 8.50 60 — — pe ae = — — — 
4 pass. | 0.00 to 11.30 60 — ~ — — — _ — _ 
5 | July 19 | 4.10to 7.30 | 200 _ “| 











(c) The Incidence of Streptococci in the Air of the Downeast Shafts. 


During debates streptococci giving reactions identical with those of 
_ streptococci characteristic of saliva were obtained from the air at the 
shutters on all occasions tested. The medium that was found to be most 
delicate for detecting them was ordinary agar subsequently incubated at | 
37° C., but owing to the large number of micro-organisms of all kinds 

developing on this medium, the isolation of streptococcus colonies was 
difficult. Recourse was, therefore, had chiefly to the medium of Drigalski 
and Conradi, which, though inhibiting to a certain extent the development 


of streptococci of saliva, was found to inhibit the growth of the other 
bacteria far more. 


From the results shown by the tests of the total number of bacteria 
vielded by the air of the four shafts, it might have been expected that 
downcast No. 2 would be more likely to yield streptococci of saliva than the 
other three shafts. This has generally been found to be the case. 


Although, when Debates were in progress, streptococci characteristic of 
saliva were constantly present in the downcast air, they were not obtained 


on two occasions when the test was applied to the downcast air in the same 
way with the Debating Chamber empty. 


Table showing the Influence of Debates on the Presence of Streptococci of 
Saliva in Plates of Drigalski and Conradi Medium exposed in the 
four Downcasts at the Level of the Shutters. 























No Batbedens Day. dur RPP Mid Downcast | Downcast | Downcast | Downcast 

Chamber. Minutes. 1. 

| 

p-m. 

1 | Debate May 31} 2.45 to 3.45 60 — aie 
2 . June 1] 9.12 to 11.12} 120 Me ey mi LS 
3 if, » 6|6.55 to 10 180 Ls 4 & = 
4 » 7/9.30 to 10.30] 60 £ + ail Ss 
5 - 819-20 to 1101110 i rf fy 3 
6 | Chamber empty » 20|7.45 to 9 75 _ _ _ — 
7 a f , 9717.45 to 8.45| 60 2 a oe de 
8 | Debate res 3 PEP SLO tOLE 60) +4 + _ + 














| ++ = streptococci of saliva present. 


On June 27th, the test for salivary streptococci was applied in the 
downcast shafts twice in the same evening, viz., during the adjournment 
for dinner, and later when a Debate was in progress. In the former 
circumstance, although all colonies on the Drigalski plates that in any 
way resembled streptococcus colonies were subcultured, no salivary strepto- 
cocci were obtained. On the other hand, when Debate was in progress 
streptococci of saliva were obtained from the air of no less than three of 
the four shafts. The plates were, of course, exposed for an equal time 
on the two occasions, the area of medium exposed was equal, and the 
medium itself was of precisely the same composition. 
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The characters of the streptococci of saliva recovered on the Drigalski 
medium during the Debate on this occasion may be seen in the following 
table :— 


Characters of Streptococci isolated from Air of the Downcasts at Shutters 
during Debate on June 27 
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It should be added that Dr. Hurtley estimated the carbonic acid 
present in the mixed air of the downcasts at the shutters at 10 p.m. on 
June 27th, when the last test was made, and he found 6°7 vols. of carbonic 
acid per 10,000 vols. of air. 

The carbonic acid impurity due to respiration was, therefore, about 
27 volumes of the gas per 10,000 of air. 

Characters of all Streptococci isolated during Debates from Air passing the 
Shutters of the Downcasts (115 feet from Table of Debating 
Chamber), and from Air between this Point and the Clock Tower 
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Characters of Streptococci, &c—continued. 
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Conclusion as regards Air leaving the Debating Chamber.—The chief 
particulate pollution detected in air passing out of the Debating Chamber 
to the Clock Tower consists of particles of saliva which appear to be con- 
stantly contained by it during Debates, but are not found in it when the 
Debating Chamber is empty. 


ill. Air between the Shutters of the Downcasts and the Exhaust Furnace 
at the Base of the Clock Tower. 


After passing the shutters of the downcasts, the air is drawn vertically 
downwards for 23 feet to the level of the basement. At this site it passes 
through two windows, the bars of which support flap valves, into a passage 
which joins with two other passages to form a straight channel extending 
for over 200 feet until the exhaust furnace is reached at the foot of the 
Clock Tower. The distance from the flap-valves to the Clock Tower 
furnace is about 240 feet. 


One of the passages joining the exhaust airway soon after the flap 
valves is the “Commons pipe vault” which contains a number of steam 
pipes. Owing in part to the high temperature of the air passing out of 
this vault towards the Clock Tower fire, but owing chiefly to its dryness,* 
the surface of culture media exposed in plates in the long straight passage 
(over 200 feet) to the Clock Tower furnace, in the experiments to be 
described became partly dried up. 


Tests were made on three occasions to determine how far beyond the 
shutters of the downcasts streptococci of saliva could be traced during 
debates. 


In all these three tests streptococci of saliva were shown to be present 
in the air of the downcasts at the level of the shutters. 


* Dry buib 90°, wet bulb 73° = Humidity 40 per cent. ; evaporative power per cubic 
foot of air 8-9 grains; observation made on Monday, August 2, 1904, about 8 p.m. On 
repeating the observation next day, similar result obtained. 


Air at 
Clock 
Tower. 
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Test 1—On June 19th, plates were exposed at the site of the flap- 
valves. This point is 23 feet beyond the downcast shutters, and 138 feet 
from the Table of the Chamber. The plates were exposed between 9.45 and 
10.45 p.m. Streptococci that developed on the plates were isolated and 
examined, with the result that one of them was identified with one of the 
two streptococci that are most characteristic of saliva. 


Tests 2 and 3.—On June 21st, between 9.30 and 11.30 p.m., and again 
on June 22nd between the same hours, plates were exposed at intervals 
along the passage from the flap valves to the furnace under the Clock 
Tower. On each occasion 12 Drigalski plates and 24 agar plates were 
exposed in this passage. The plates were placed at 6 stations on tables, 
and were exposed at a height of between 3 and 4 feet from the ground. 
Plates were also exposed at the points where the two passages conveying 
air other than downcast air joined the passage. 


After incubation for 48 hours at 37° C., all streptococci that developed 
on the plates were examined. Ten streptococci were obtained on June 21st, 
and seven on June 22nd. On each occasion a streptococcus was found that 
gave re-actions identical with those of a streptococcus of saliva. The 
streptococcus isolated on June 21st was obtained from the first station 
beyond the flap-valves; a point 45 feet from the downcast shutters, and 
therefore 150 feet from the table of the Debating Chamber. 


On the second occasion, June 22nd, a streptococcus, identified from its 
characters with a streptococcus met with rarely in saliva, was isolated 
from a Drigalski plate exposed by the furnace under the Clock Tower, a 
point 263 feet from the shutters of the downcasts, and 378 feet from the — 
table of the Debating Chamber. 


The characters of the three streptococci obtained in these tests are seen 
from the following Table :— 


Characters of Streptococci isolated from Air beyond the Shutters of the 
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Prior to the present investigation the furthest distance to which saliva 
particles had been proved to be air-borne was 40 feet. These results are 
therefore of considerable interest. 


iv. Air round the Top of the Clock Tower at the Level of the Lantern. 


On Wednesday, August 10th, 1904, from 6 p.m. till 9 pm, 12 
aluminium dishes containing neutral-red broth were exposed to the air 
around the lantern at the top of the Clock Tower. 


There was no rain on the day that this test was made. The wind was 
blowing from the south-west, and was fairly strong at the height of the 
lantern. While the plates were exposed, carriages were frequently driving 
across New Palace Yard, and therefore disturbing dust. 


Three broth plates were exposed on each of the four faces of the Tower, 
and they were placed close to the edge on an iron grating. 


» 


57 


The following diagram shows roughly the position in which the plates 
were exposed round the Tower :— 


x 
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The broth exposed in the plates was incubated anerobically for two 
days at 37° C. and examined. The results obtained are shown in the 
following Tables :— 


Result of a Test with Neutral-red Broth on the Clock Tower at the Level of 
_ the Lantern on Wednesday, August 10th, 1904, between the hours of 
6 p.m. and 9 p.m. 
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Characters of Three Coli-like Bacteria isolated from Air on the Clock 
Tower at the Level of the Lantern, August 10th, 1904. 
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Characters of Nine Streptococci isolated from Air on the Clock Tower at 
the Level of the Lantern, on August 10th, 1904. | 
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Inferences from Clock Tower observation. 
The Question of Fecal Pollution. 


Although coli-lke bacilli and B. enteritidis sporogenes were associated 
in each of two plates, and a coli-like bacillus was isolated from a third 
plate, none of the three coli-like bacilli in question gave re-actions identical! 
with those of the type of B. coli most frequently present in the human 
intestine. | , : 


While the results obtained by exposing neutral-red broth on the Clock 
Tower, therefore, point to the presence of fecal matter in the air there on 
the occasion when the test was made, this feecal matter was probably horse 
manure carried up by the wind from the surface of the ground below. 


The Question of Salivary Pollution. 


None of the streptococci obtained from the air round the lantern in 
this test could be identified with streptococci characteristic of human saliva. 


The Significance of some of the Streptococci found. 


The first two streptococci obtained in this test are common in air, as 
previous tests in the airway prove. | 


The number of positive re-actions given by five of the nine streptococci 
isolated is remarkable, and especially striking is the fact that all these five 
streptococci acted upon mannite. It has been previously pointed out that 
this character was a marked feature of a considerable proportion both of 

_ the streptococci brought in upon Members’ boots and also of the streptococci 
found in the air below the:Debating Chamber during Debates. Moreover, 
no less than four of the nine streptococci obtained on the Clock Tower, com- 
prising three different types (Nos. 4, 5, and 7), are identical with strepto# 
coccl previously isolated from air in the Equalising Chamber. It is 
practically certain that these streptococci obtained from the Equalising 
Chamber had been brought into the Debating Chamber on Members’ boots 
from the streets. Their presence, therefore, in the air round the Clock 
Tower on the occasion in question indicates the presence therein of 
particulate matter derived from the surface of the ground below. | 
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(3.) OBSERVATIONS OF THE PRESENCE OF ‘B. MycorpeEs IN ,THE AIR OF THE 
AIRWAY. 


From its constancy and abundance in many soils, B. mycoides is 
characteristic of this material, and serves as a bacterial test by means of 
which the presence of even small particles of soil may be detected. More- 
over, by reason of the fact that it forms spores, B. mycoides can maintain 
its vitality for a long time under comparatively unfavourable circum- 
stances, and thus it 1s an index by which the presence, not only of recent, 
but also of non-recent particles of soil, can be discerned. 


The agar plates incubated at 22° C., and used frequently in the present 
inquiry for determining the general bacterial incidence from the air, 
formed a particularly favourable medium for bringing out the charac- 
teristic colonies of B. mycoides. These colonies, from their spreading, 

“mossy,” and branched appearance can be readily recognised when 
present.* 


At an early stage of the investigation B. mycoides was found to occur 
in the air where pollution from material brought in on Members’ boots was 
most in evidence, namely, underneath the Centre Gangway between the Bar 
and the Lobby door. For this reason B. mycoides became of particular 
interest, as it served to indicate the presence not merely of particles of 
soil, but of particles of soil brought in on Members’ boots. 


A special look-out, therefore, was kept for B. mycoides. The occasions 
on which it was detected in the the air have been summarised in the 
following table. (See page 60.) 


Analysis of the Results. 


On two of the 26 occasions on which B. mycoides was found it occurred 
at the inlet. These two positive results at the inlet, however, may have 
been due to people walking on the grating over the north inlet. 


On no less than 15 of the 26 occasions when it was found, B. mycoides 
was recovered from the air of the Equalising Chamber; on nine of these 
~ 15 occasions it was recovered from air under the Bar, and in the nine 

infected plates altogether 12 separate colonies of this micro-organism were 
present. . ) 


On two occasions B. mycoides was recovered under the Bar in the 
. Equalising and Battery Chambers in the same test,t thus forming addi- 
tional evidence that material brought in on Members’ boots might penetrate 
to the latter locality. 


B. mycoides was recovered from air passing out of the Debating 
Chamber above the ceiling on six occasions, on four of which it was found 
at the end of the ceiling above the Bar, and on two in the downcasts at the 
end over the Chair. On two occasions it was recovered above the ceiling 
and under the Bar in the same test. 


The finding of B. mycoides on these occasions in air passing out of the 
Chamber through the ceiling implies that a proportion of the dirt brought 
in on Members’ boots is drawn up into the Debating Chamber by the 
ascending currents of air, and thus is liable to be inhaled by Members. 





* See Plates V.and VI. of accompanying illustrations. 
“+ See Plate V. of illustrations. 
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(4.) SUMMARY OF THE PRECEDING RESULTS. 


Curves showing the Aggregate Characters of Streptococci isolated from 
the Air at various Parts of the Airway. 


The curves in the diagrams on opposite page express the percentage 
of positive re-actions given to the nine tests by the sum of the kinds of 
streptococci present in the air at different parts of the airway. Thus the 
characters of the various kinds of streptococci found at each spot can be 
viewed as a whole, and compared with those of the whole of the 
streptococci found at another part of the airway. Curves showing in 
aggregate in the same way the characters of streptococci brought in on 
Members’ boots, and the characters of streptococci isolated from samples of 
saliva, are also added. 


It is seen that the contour of what may be termed the “character- 
resultant” is different at various parts of the airway. The reason is not 
far to seek. The influence of streptococci shed from Members’ boots on 
the form of the character-curve in the Equalising Chamber is distinctly 
perceptible; still more perceptible, however, is the influence of streptococci 
of saliva on the curve exhibited by streptococci present in air leaving the 
Debating Chamber during debates. 


Summary of Subsection 3. 


The result of the search for evidence of pollution may be summarised 
as follows :— 


(1) Air at the north chamber of the inlet on the Terrace is liable to 
pollution from fecal* matter derived from the boots of 
persons walking over the grating above the inlet in question. 


(2) Air under the floor of the Debating Chamber is constantly con- 
taminated during Debates by particulate matter shed from 
Members’ boots. While feecal* matter is apt to be imparted 
to the air in this way, no evidence was found of particles of 
saliva or of sputum being carried in on Members’ boots from 
the public pavements and communicated to the air under the 
Chamber. The chief spot where air under the Chamber is 
polluted from Members’ boots is below the Centre Gangway, 
between the Bar and the Lobby door under the Clock. Con- 
tamination of air under the Chamber also occurs from the 
same cause, though in less degree, under the side Gangways 
and behind the Speaker’s Chair. 


A proportion of the particulate material shed from 
Members’ boots is carried up into the air of the Debating 
Chamber, and therefore is liable to be inhaled by Members. 


(5) The chief particulate pollution detected in air in the Debating 
Chamber itself, as judged by the result of a number of 
examinations of air passing out of the Chamber during 
Debates, consists of particulate matter derived from the 
mouth and upper respiratory passages of persons in the 
Chamber. 


In short, particulate pollution to which the air of the Debating 
Chamber is subjected is supplied chiefly by Members themselves, and is 
either brought in on their boots, or is derived from their mouths and upper 
respiratory passages. The result of the examination of air leaving the 
Debating Chamber indicates that during Debates the latter form of pollu- 
tion is the greater of the two. 





* Derived, almost certainly, from the horse. 
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SECTION IV. SUBSECTION 4. 


THE RESULT OF INDEX-EXPERIMENTS MADE TO DETERMINE 
THE LIABILITY “OF THE’ ATR OF ‘THE ‘DEBATING 
CHAMBER TO DERIVE PARTICULATE POLLUTION, AND 
THE VALUE OF THE VENTILATION IN THIS SENSE. 


The preceding observations prove that the chief particulate pollution 
to which the air of the Debating Chamber is liable, is derived either 
from the boots or from the mouth and upper respiratory passages of 
Members. By either channel the air may be on occasion contaminated by 
specific pathogenic micro-organisms. 


In order to ascertain more definitely the extent to which the air of the 
Chamber is liable to derive infected material through each of these two 
channels, the accuracy of the preceding observations has been tested by 
reversing the method of inquiry. This has been effected in both cases by 
employing a harmless, but readily recognisable, micro-organism (B. 
prodigiosus) as index of infection. 


» 


In order to determine the degree to which the air is liable to be 
contaminated by material brought in from the outside on Members’ boots, 
the following experiment was made. Some garden earth was sterilised, 
infected with living emulsion of B. prodigiosus, and lightly scattered 
over part of a crossing in New Palace Yard near the Parliament 
Street entrance. After laying down material containing the index- 
micro-organism at the spot mentioned, agar plates were exposed in 
the channels by which air passes into and out of the Debating Chamber. 
After incubation for three days at 22° C., these plates were examined for 
B. prodigiosus, colonies of which are in culture readily perceptible, ftom 
their crimson hue. 


Secondly, the degree of the liability of the air of the Debating Chamber 
to be charged with particulate material derived from the mouth and upper 
respiratory passages was investigated by making some speaking experi- 
ments in the Debating Chamber, in which experiments the person who 
_orated had previously infected his mouth and pharynx with .a living 
emulsion of B. prodigiosus. The efficiency of the ventilation for removing 
particulate matter disseminated in the breath in the act mentioned was 
determined by comparing the result of speaking experiments made 
respectively with the ventilation off, and with it on. 


_ It will be convenient to describe first the experiment in which 
B. prodigiosus was laid down on the crossing in New Palace Yard, and 
subsequently the speaking experiments in the Debating Chamber. 


(1.) EXPERIMENTS MADE ON Monpay, Avcust 87H, 1904, AND THE FOLLOWING 
DAYS, TO DETERMINE THE EXTENT TO WHICH PARTICULATE MATTER 
DEPOSITED AT A SPOT OUTSIDE THE DEBATING CHAMBER IS LIABLE TO 
BE CARRIED INWARDS ON MEMBERS’ BOOTS, AND THUS TO CONTAMINATE 
THE AIR SUPPLY OF THE DEBATING CHAMBER. 


The material used‘as “vehicle ” was garden earth previously sterilised 
by exposing it to a temperature of 150° C. for six successive days. The 
fi 
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earth was then richly impregnated with a living emulsion of B. prodigiosus, 
and sterilised sand added in quantity sufficient to absorb the excess of fluid. 

A tin of about the capacity of a 1-lb. tobacco tin, with its cover 
perforated, was filled with this material, and its contents lightly sprinkled 
over an area of about 5 square feet of the cobbled crossing in New Palace 
Yard, atia point between the shelter lamp-post outside Westminster Hall 
and the corner entrance to the yard from Parliament Street. 


_ Ata later date Mr. Patey was good enough to have the length of the 
distance traversed by persons passing from the infected spot direct to the 
Bar of the Debating Chamber measured. 


The distance was found to be 576 feet, of which 96 feet were cobbled. 
ae day on which this experiment was made was Monday, August 8th, 


The material was distributed over the spot mentioned at 1.15 p.m. 

The House met at 2. 

From 2 till 11.80 p.m. agar plates were exposed to the air in the 
following situations :— 


( 1. Under the floor of the Lobby, immediately outside the 
| folding-door admitting to the Debating Chamber. 


To test | 2. Under the floor of the Debating Chamber, in the 





Air Equalising Chamber below the Centre Gangway, between the 
ale: ing ) Bar and the aforesaid door. 
Aehia tie | 3. Under the junction of the Centre and Cross Gangways. 
Chamber. 4. Under the floor behind the Speaker’s Chair. 

5. In the Battery Chamber, at a point 17 feet beneath 
| the Bar of the Debating Chamber. 

To test | 

Air | 1. In the four downcast shafts that convey air from over 
leaving 4 the ceiling of the Debating Chamber at the Chair end. 

the | 2. In the three channels by which air is conveyed from 
Debating | over the ceiling at the Bar end. 
Chamber, / 


The test was, of course, incomplete, as the air in the Debating Chamber 
itself should have been examined. This being impracticable, the only 
situations where plates could be exposed for the object in view were as 
above. 


The agar plates exposed in these situations were changed about every 
’ three hours till 11.30 pm. They were then incubated for three days at 
22° C., and examined for colonies of B. prodigiosus. 


As during the preceding three months a large number of agar plates, 
afterwards incubated at 22° C., had been exposed in the airways without 
once yielding B. prodigiosus, it was thought unnecessary to do a control- 
experiment before laying down B. prodigiosus at the spot mentioned in 
New Palace Yard. . 


A control-experiment, however, was provided on the following day 
(Tuesday, August 9th) by the zeal of a scavenger, who swept up the earth 
containing the index-micro-organism within half-an-hour of its being put 
down. 


On Wednesday, August 10th, Thursday, August 11th, and Friday, 
August 12th, some earth containing B. prodigiosus was given to the 
scavenger whose duty it is to scatter gravel in the Star Court and by the 
Members’ entrance. 


He was instructed to mix this earth with the gravel, and to lay it about 
the places referred to. 


G4 


Agar plates were exposed in the airways leading to and from the 
Chamber on all these five days between 2 p.in. and 11.30. 


It being at the end of the Session, attendance of Members at the 
Chamber seemed to be somewhat diminished. 


The total number of agar plates exposed to the air entering and leaving 
the Debating Chamber in these observations was 300. 


The plates were incubated for three days at 22° C., and then examined 
for colonies of B. prodigiosus. 


Results. 
Test I—Monday, August 8th, 1904. 


Spot infected with B. prodigiosus—Cobbled crossing of New Palace 
Yard, 576 feet from the Bar of the Chamber. 


The positive results yielded by the plates as regards B. prodigiosus 
were as follows:— ) 


A. Plates exposed from 2 to 4 p.m.:— 


(1) A plate exposed in the extension of the Equalising Chamber 
under the Lobby floor outside the door of the Debating 
Chamber at the Bar end showed two colonies of B. prodigiosus 
This was the nearest. point to the infected spot at which a plate 
was exposed. 


(2) A plate exposed in the Equalising Chamber under the portion of 
the Centre Gangway between the Bar and the door showed 
one colony of B. prodigiosus. 


The rest of the plates exposed during this period were negative as 
regards B. prodigiosus. 


B.—Plates exposed between 4 and 7 p.m.:— 


(1) A plate exposed in the same situation as No. (1) in A., that is, 
beneath the floor of the Lobby outside the door of the 
Chamber, showed one colony of B. prodigiosus. 


(2) A plate exposed in the same locality as No. (2) in A., namely, 
beneath the centre gangway between the Bar and the door, 
showed one colony of B. prodigiosus. | 


The other plates exposed during this interval were all negative as 
regards B. prodigiosus. 


C.—Plates exposed between 7.30 and 11.30 p.m.:— 


In this test a plate exposed in the Battery Chamber at a point 17 feet 
below the floor of the Chamber at the Bar end showed one colony of 
B. prodigiosus. 


_._ The plate was one of four exposed in this place where previous tests 
had shown that dirt from Members’ boots might penetrate. 


_ All the other plates exposed in C. were negative as regards the index 
micro-organism. he 


The failure of the Equalising Chamber plates in this 3rd series to show 
B. prodigiosus was probably due to the traffic over the infected spot during 
the adjournment for dinner. Cabs,. &c., would be driving backwards and 
forwards, and passengers continually passing over the place where the earth 
had been sprinkled at 1.15. When I examined the spot at midnight no 
trace of the earth could be seen. 


Probably it disappeared much before this hour. 
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Lest I1.—Tuesday, August 9th. 


__ The material was laid down as on the previous day, but was swept up 
within half hour by a diligent scavenger. 


. The result of this experiment must be read chiefly as a control of 
est I. 


Result.—Only one of the plates showed B. prodigiosus. The plate in 
question showed one colony of that micro-organism, and had been exposed 
under the Bar of the House from 2 to 4 p.m. 


Pests III., IV., and V., on Wednesday, Thursday, and Friday. 


The scavenger mixed the earth containing B. prodigiosus with his 
gravel, and scattered it about near Members’ entrance and over the Star 
Court. 


On Thursday there was continuous rain all the morning. 


The results of these tests was that I only got B. prodigiosus twice. A 
plate exposed in the third downcast shaft from the ceiling on Wednesday 
between 5.30 and 9 p.m. showed one colony of B. prodigiosus. 


Lastly, a plate exposed in the Equalising Chamber below the Bar on 
Friday, August 12th, from 6 p.m. till the adjournment about 8.30 p.m., 
showed one colony of B. prodigiosus. 


The largely negative result of these latter tests when the scavenger 
spread the material was certainly due in great part to the fact that few 
Members walked over the places where the earth and gravel had been 
spread. ; 


Members I saw alighting from cabs at the Members’ entrance invariably 
jumped straight on to the pavement without walking on the gravel. 


Upon the negative results of these experiments, therefore, much stress is 
not to be laid. 


s UMmMary. 


Summary of Test I—Particulate material deposited at a point 576 feet 
from the Bar of the Chamber was carried into the Debating Chamber on 
Members’ boots, and fell through the air of the Equalising Chamber down 
to a point in the Battery Chamber, 17 feet below the floor of the Debating 
Chamber, at the Bar end. No evidence, however, was obtained of this 
particulate pollution in the other parts of the Equalising Chamber tested. 
The air passing out of the Debating Chamber above the level of the ceiling 
on the day when this test was made, also failed to yield B. prodigiosus. 


The remaining tests were incomplete. On Tuesday the infected material 
was swept up. On the three remaining days the material appears to have 
been laid down in places where comparatively few Members who walked 
into the Debating Chamber trod. It is doubtful, also, if the amount of 
earth I was able to provide was sufficient for the area over which, after 
being mixed with the gravel, it was spread. 


The finding of B. prodigiosus on Tuesday and Friday under the Bar, 
taken with the results of Test I., confirms previous observations made with 
other methods, and strengthens the conclusion that this is the chief place 
where air entering the Debating Chamber is subject to pollution from 
material brought in on Members’ boots. 


The finding of B. prodigiosus once in the air leaving the Chamber, viz., 
in downcast 3 on Wednesday, between 5.30 and 9 p.m., is not a matter 
upon which much stress can be laid. It is only a single observation. 


At the same time, B. mycoides was sometimes obtained from the air 
passing through the ceiling during the present tests, and the same micro- 
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organism was frequently found under the Bar. There is evidence, there- 
fore, that some particulate material brought in upon boots does get carried 
up into and through the air of the Chamber. 


Conclusion. 


Particulate material deposited outside the Debating Chamber on the 
surface of the ground can be carried by pedestrian Members into the 
Chamber from a distance of at least 576 feet. 


As some Members drive up, they are, of course, liable to bring material 
from considerable distances. 


The chief place where material brought in on Members boots con- 
taminates the air-supply of the Chamber is under the Centre Gangway, 
between the Bar and the folding-door at that end of the Chamber. It is 
not possible to decide the extent to which the air inside the Debating 
Chamber actually suffers from this form of pollution without further tests, 
in which the air is examined in the Chamber itself. 


(2.) EXPERIMENTS TO DETERMINE THE EXTENT TO WHICH THE AIR OF THE 
DEBATING CHAMBER IS LIABLE TO BE POLLUTED BY PARTICULATE 
MATTER GIVEN OFF IN THE BREATH IN PERFORMANCE OF THE ACT OF 
ORATION; AND THE VALUE OF THE VENTILATION FOR REMOVING 
sucH MATERIAL FROM THE AIR OF THE CHAMBER. 1 99 


i. General plan of the experiments. Page 66. 
ii. Position of the plates. Page 68. 
ili. Result of the experiments. Page 70. 


iv. The effect of the Ventilation on the spread of droplets of saliva. 
Pavesi 


v. Conclusions. Page 83. 
vi. Addenda. Page 84. 


‘ 


i. General Plan of the Experiments. 


The act tested has been that of loud speaking, and the spread of parti- 
culate matter (droplets of saliva) emitted from the mouth of a person during 
the performance of this act for a period of one hour has been determined 
(1) with the Ventilation off, and (2) with the Ventilation on. | 

In the former case the air supply was cut off in the airway between the 
inlet on the Terrace and the Equalising Chamber. As regards the ‘outlet, 
the large shutter above the ceiling of the Debating Chamber by means of 
which the volume of vitiated air passing from the Chamber to the extrac- 
tion fire in the Lobby Tower is controlled, was closed, and communication 
between the four downcast shafts and the extraction fire in the Clock Tower 
was also cut off. The. gaslights in the ceiling were not burning, but their 


by-passes were alight. 


On the other hand, in the experiments with the Ventilation full on, 
the airway between the inlet and the Equalising Chamber was open, and the 
fan and scrim-cloth screen in'the basement were in action. The condition 
with regard to the gaslights in the ceiling was the same as in the previous 
experiments, but there was in the present case free communication between 
the Chamber above the ceiling of the Debating Chamber and the fire in the 
Lobby Tower at the one end; and the four downcast shafts at the other end 
were aso in free communication with the fire in the Clock Tower. 


_. In all the experiments the cotton-wool screen in the basement was not 
in action. 


In both the speaking experiments herein described B. prodigiosus was 
used as index of infection, the mucous membrane of the mouth and pharynx 
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of the person who spoke being infected with a living emulsion of this micro- 
organism immediately prior to speaking. On both occasions, except as 
regards the ventilation, an attempt was made to observe the same con- 
ditions; thus, the emulsion of B. prodigiosus was made from the same 
amount of culture, and in exactly the same way; and the time occupied in 
infecting the mouth and throat with it was the same. In both cases, again, 
after half an hour’s continuous speaking, the person who spoke withdrew 
for a few minutes to re-infect his mouth and pharynx with a further 
measured amount of the prodigiosus emulsion. The same person spoke on 
both occasions, and the place where the speaking took place was the same, 
namely, by the box which is fixed on the Ministerial side of the table of the 
Debating Chamber. On both occasions the speaking lasted for one hour, 
the person who spoke addressing himself to each quarter section of the 
House in turn for a quarter of an hour each, beginning with the block 
of Opposition benches above the Gangway, and ending with the block of 
benches originally behind him, namely, the Ministerial Benches above the 
Gangway. The words spoken on both occasions were, as far as possible, 
the same, and consisted of recitations, in a loud voice, from Shakespeare’s 
plays, “King Henry V.” and “ Julius Ceesar.” 


The experiments made were altogether four in number, two of them 
being control-experiments, that is to say, experiments made on each of the 
two occasions immediately prior to the speaking experiments proper; and 
the object in making them was to exclude any error due to the 
possibility of B. prodigiosus being already present in the air of the Chamber. 
The speaking experiments were made on two successive days, an interval 
of 17 hours elapsing between the closing of the plates in Experiment II. 
and the opening of the plates in Experiment III. The experiments were 
arranged as follows :— 


Ventilation off (First Day). 


Experiment I. (Control Experiment.)—Time of exposure, 2 hours. 
Number of plates exposed, 66. 


Experiment IJ. (Speaking Experiment.)—Speaking for one hour, and 
a further interval of half an hour allowed for the droplets to settle down. 
Number of plates exposed, 208. 


Ventilation on (Second Day i: 


Experiment III. (Control Experiment)—Time of exposure, 14 hours. 
Number of plates exposed, 110. 


Experiment IV. (Speaking Experiment)—Repetition of Experi- 
ment IJ. Exposure as in that case for 14 hours. Number of plates exposed, 
Dhabi}, 9:1 , 


~ The medium used in all these experiments was ordinary agar solidified 
in round flat glass capsules with covers, commonly called Petri-dishes or 
simply “plates.” The flat circular area of agar exposed in each of these 
plates was from 33 to 4 inches in diameter. For purposes of transport each 
plate was kept tightly closed by surrounding it with a sterilised rubber band, 
was enclosed in a sterilised paper envelope, and was packed, with others, in 
boxes lined with sterilised wool. Eleven such boxes were found necessary. 
As an extra precaution, the hands were disinfected on each occasion before 
handling the plates. After exposure in the experiments, the covers were 
replaced on. the plates, the plates. were labelled, the rubber bands slipped | 
uyer them, and each plate put. into its envelope and repacked in the boxes 
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for removal to the laboratory. After exposure the plates were kept inverted. 
In Experiments I. and II. the plates were incubated for 48 hours at 22° C., 
and then left for a further period of 48 hours at the laboratory temperature ; 
in Experiments III. and IV. the process was reversed, a procedure necessi- 
tated by the fact that the two latter experiments had to be carried out at 
an interval of 17 hours after the first two experiments had been completed, 
and the incubator at my disposal was only large enough to take half the total 
number of plates used in these experiments at a time. 


I am much indebted to Messrs. Draper, Laws, and Priestley, and to my 
brother, Mr. E. Gordon, for their help in carrying out these experiments. 
I have also to thank my brother for the plans which illustrate these 
experiments. 


ll. Position of the Plates. 


In all four experiments agar plates were exposed on the floor of the 
Equalising Chamber. In the Debating Chamber plates were exposed on 
the arms of the Speaker’s Chair, on the Table, and on all the rows ot 
benches. Plates exposed on the front and back rows of the benches were 
placed on the seats, but in the case of the three intermediate rows they 
were exposed in a slightly oblique position near the tops of the backs of 
the benches and immediately in front of the ticket slots. This was effected 
by means of specially made wire catches which were slipped over the tops 
of the backs of benches saddle-wise. The situations in which plates were 
exposed is best seen by referring to the accompanying diagrams. In both 
the speaking experiments, namely, in Experiments II. and IV., 14 hori- 
zontal rows of plates were exposed on the five rows of benches that are fixed 
in ascending tiers longitudinally on either side of the Debating Chamber. 
These horizontal rows of plates were at intervals of about 3 feet apart, 
and were, in fact, placed in line with every alternate ticket slot on the 
back benches, so that in both speaking experiments one plate was exposed 
for every two seats on the benches. In addition, plates were also exposed 
in the Opposition Gangway in Experiment II., and in both the Ministerial 
and Opposition Gangways in Experiment IV. ; 


In the Gallery, plates were exposed all around behind the rail that 
divides it from the well of the Debating Chamber. In the Members’ and 
Peers’ Galleries the plates were exposed on the seats in the front row; in 
the case of the Press Gallery they were exposed on the writing ledge. In 
the Ladies’ and Speakers’ Galleries plates were exposed on the front row of 
chairs behind the grille. In the Strangers’ Gallery two plates were exposed 
on the top of two posts situated on either side of the centre stairway. : 


In the chamber in the roof above the ceiling of the Debating Chamber 
plates were exposed: (1) by a grating situated over the Strangers’ Gallery ; 
(2) by an opening which was made by removing one of the panels of the 
ceiling; (3) along the iron bridge which crosses from end to end above the 
panelling and gaslights in the ceiling; and (4) in the entrances to the four 
downcast shafts which communicate with the Clock Tower. Finally plates 
were also exposed in all the experiments in the common duct into which 
all the pipes which carry off the fumes from the gasburners in the ceiling 
discharge. | 


All the plates were exposed to the air in a horizontal position except 
those plates on the backs of the three intermediate rows of benches on the 
floor, which were slightly inclined. 


In order to ensure the plates being exposed on the same spots in both 
speaking experiments, the places in which it was intended that they should 
be exposed were marked out beforehand by means of pieces of white tape 
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which were fixed in situ. The number of agar plates exposed in each 
situation in each experiment is seen from the following table :— 


TaBLE showing the NumBer of Acar PLatEs exposed in Various Parts of the 
DEBATING CHAMBER, and in the Arrways, in the four Experiments 
described. The Table reads from left to right. 





























Condition of the Ventilation mE ee ae +5 Of, On. 
Number of the Experiment A ve et br iL 1 IT. IV. 
Duration of the Exposure aS ae Je $3) 2 Hours. 14 Hours. 13 Hours. 13 Hours. 
Nature of the Experiment a Es i: an Control. Speaking. Control. Speaking. 
Equalising Chamber ... - eos J. 2 4 4 4 
Floor : | 
Speaker’s Chai ta he ae 2A 1 2 2 2 
Table ... ef ae ws re a 2 4 2 D 
Ministerial Benches above Gangway a he 10 Al 20 | AL 
4 “1 below ,, a 10 30 15 30 
Opposition ,, above “2 Bh 10 41 20 4} 
5d “ below 5 Ais 10 30 15 30 
In gangways ... ee cee 4 we 0 4 0 8 
Galleries : 
*Members’ Gallery, Ministerial side ra 2 9 4 9 
ve ns # Opposition _,, ine 2 ) 4 9 
tPeers’ Gallery ae a 2 ie 5) is 
Press Re ar ae as ey, 2 7 3 ( 
Ladies’ ,, a 4 if “ Be 2 4 3 4 
Speakers’ ,, Aad “ a: at 2 2 2 0 
Strangers’ ,, au A! Ex 4: 0 Ps i 2 
Roof : | 
Grating over Strangers’ Gallery 1 1 ] d. 
At removed panel of ceiling bil 1 1 it 1 
Bridge over ceiling ... is es ce 4 4 zt 4 
Downcasts ae ae of iss 2 4 4 4 
Duct from gasburners 1 2 2 2 
Pol... ee og Se 66 208 | 110 211 

















* The term Members’ Gallery includes the whole of the Gallery on this side of the House. 
+ The term Peers’ Galiery includes also the Special Strangers’ Gallery. 


The plans attached to the report show the positions in which plates 
were exposed in the Debating Chamber and the results as regards 
B. prodigiosus yielded by them after incubation. Photographs of the 
infected plates are also attached. 


On both days while the experiments were in progress a dry and wet 
bulb hygrometer was exposed on the Table of the Debating Chamber. The 
readings were approximately as follows :— 


Hygrometer Readings. 





Corresponding Humidity of the 
are Dry Bulb. | Wet Bulb. | air (@laisher), Saturation = 100. 


mee ares 





Experiments L. and II {| 59 degrees ... | 52 degrees ... | 61 per cent. 
* * see i 58 ! ~ 


” a y) oe ” 


Experiments III. and IV. ae Ms . a be i zs 3 








From which it appears that the humidity of the air was practically 
the same in both the speaking experiments. : 7 

















Control 
Experi- 
ments. 


Experi- 
ment II. 
Speaking, 
Ventilation 
off. 
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iii. Result of the Experiments as regards the Spread of B. Prodigiosus, 
through the Air of the Debating Chamber. 


After incubation of the plates the result of the experiments was found 
to be 'as follows :— 


A. Control Experiments. 


Experiment I.—Not one of the 66 plates exposed in Experiment’ T.’ 
showed a colony of B. prodigiosus. Although there was a good enough growth 
of colonies of other micro-organisms deposited from the air on the surface 
of the plates, none of these colonies in any way approached the crimson 
colour of colonies of B. prodigiosus. Such pinkish colonies as were present 
were always examined microscopically, and they were found in every case 
to be colonies of the pink torula that is so commonly met with in air... ¥ 


Experiment III—Of the 110 plates exposed in this experiment one 
plate alone showed infection with B. prodigiosus, of which it developed 
one colony. This plate had been exposed in the Equalising Chamber. The 
remaining 109 plates were entirely negative as regards B. prodigiosus. 
This fact goes to confirm previous experience, viz., that the overwhelming 
majority of the droplets do not remain suspended in the air for an indefinite 
time. 


B. Speaking Eaperiments. 


Experiment II.—Ventilation off—Plates exposed for 14 hours, 7.4,” 
for one hour whilst speaking was in progress, and for half an hour after it 
had ceased. | 


A surface agar plate made at the end of the hour’s speaking from a 
small quantity of the saliva of the person who spoke showed after 48 hours’ 
incubation at 22° C. a growth that was crimson from the presence of 
innumerable colonies of B. prodigiosus. 


Out of a total of 208 plates exposed in this experiment, 57 became 
infected with B. prodigiosus. The results shown by plates exposed in the 
various parts will now be considered in detail. ean 


1. Plates exposed in the Equalising Chamber in Experiment II. 


Four plates exposed on the floor of the Equalising Chamber during the 
experiment failed to yield B. prodigiosus. 


2. Plates exposed in various Situations on the Floor of the Debating 
Chamber in Experiment II. 


(a.) Table. 


Of four plates exposed upon the Table, two became infected with 
B. prodigiosus. A plate exposed on the Ministerial box immediately in | 
front of the person who spoke showed 84 colonies, of which 83 were colonies 
of B. prodigiosus. A plate exposed on the table in front of the Clerk’s seat 
on the Ministerial side showed also four colonies of B. prodigiosus. On the 
other hand, plates exposed on the box on the Opposition side of the Table, 
and on the Table in front of the Clerk’s seat on the Opposition side, showed 
in both cases no colonies of B. prodigiosus. 7 


_ (b.) The Speaker's Chair. 


A plate exposed on the arm of the chair on the Ministerial side showed 
amongst other colonies, one of B. prodigiosus. The plate on the arm of the 
chair nearest the Opposition was not infected with this micro-organism. 


(c.) The Benches. 


sect total number of plates exposed on the Benches on both sides of the 
House’ In this ‘experiment! was’ 142, of which 38 showed: infection. with: 
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B. prodigiosus—a proportion of 26 per cent. The aggregate of the 
‘prodigiosus: colonies present on these plates was 42. More plates were 
infected on the Ministerial side of the House than on that of the Opposition. 
Of 71 plates exposed on the former side, 24 were infected, a proportion at 
the rate of 33 per cent., with an aggregate of 27 colonies of B. prodigiosus. 
_ Of 71 plates exposed on the Opposition Benches 14 were infected—a pro- 

portion of 19 per cent.—with an aggregate of 15 colonies of B. prodigiosus. 
“Further particulars as regards these plates are as follows :--- 


Benches on the Ministerial Side of the House. 
| Benches above the Gangway. 


Of 41 plates exposed 12 were infected, and the infected plates showed 
an aggregate of 14 colonies of B. prodigiosus. With regard to the distribu- 
‘tion of the infected plates, a glance at the plan will show that the plates 
exposed on the front or Treasury Bench were most heavily infected. Of 
othe eight plates exposed on this bench, no less than five were infected, and 
yielded altogether seven colonies of B. prodigiosus, that is to say, half: of 
the total number of prodigiosus colonies yielded by the block. As regards 
the position of the other infected plates in this block, it is noticeable that 
the bench furthest back—under the Gallery, in fact—was more highly 
jinfected than the two benches immediately in front of it. 


Benches below the Ganqgway. 


Twelve out of 30 plates exposed on these benches became infected, with 
‘an aggregate of 13 colonies of B. prodigiosus. As in the case of the 
preceding block, the front bench was more highly infected than the rest, 
four of six plates exposed there being infected and yielding altogether five 
of the 13 prodigiosus colonies shown by the block. After the front bench, 
the incidence was heaviest on the third bench, three out of six plates there 
‘exposed becoming infected. It may be observed also in the case of this 
poe ae in the third horizontal row, of five plates exposed, four were 
infected. 


Benches on the Opposition Side of the House. 
Benches above the Gangway. 


Of 41 plates exposed, 10 were infected, and the infected plates showed 
‘an aggregate of 11 colonies of B. prodigiosus. On each bench two of the 
eight plates exposed became infected. Four out of the five plates exposed 
‘in the first horizontal row in this block became infected. 


_ Benches below the Gangway. 


Out of 30 plates exposed, four became infected, each of the latter 
developing one colony of B. prodigiosus.. Three of the infected plates were 
rather close to one another. 


The figures with regard to the floor benches as a whole in this experi- 
_ ment are summarised in the following table :— 


Floor Benches in Experiment II. 





| 3 
Ministerial Side. Opposition Side. 





Colonies of Plates Plates 
B. Prodigiosus. | Infected. , Exposed. 


Colonies of 
B. Prodigiosus. 


Plates | Plates 


Situation. | | 
Exposed. | Infected. 





| 





Above Gangway dee 41 12 14 11 10 41 





Below Gangway bs 30 12 13 4 | A 29P9) BO -4 























pelt | TPIOME 19H. | 27 | 15 Pee 74 
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(d) The Gangways. 
Besides the plates exposed on the benches, four plates were exposed in 
the Opposition Gangway in this experiment. 
They were not infected with B. prodigiosus. 


3. Plates Exposed in the Galleries im Experiment IT. 


Out of 40 plates exposed in the galleries in this experiment, 13 showed 
infection with B. prodigiosus~ -a proportion at the rate of 32 per cent.— 
yielding an aggregate of 18 colonies of B. prodigiosus. 

The incidence of B. prodigiosus on the plates exposed in the various 
galleries will now be considered in detail. 


(a) Members’ Gallery. 

1. Ministerial Side—Of nine plates exposed, two were infected, 
yielding five colonies of B. prodigiosus. 

2. Opposition Side.—Four of the nine plates exposed on this side were 
infected, but they yielded an aggregate of only four colonies of B. 
prodigiosus. 

(b) The Peers’ Gallery. 

Of seven plates exposed, one was infected, showing one colony of 
B. prodigiosus. 

(c) The Press Gallery. 

Of seven plates exposed, two were infected, each with two colonies of 
B. prodigiosus. 

(d) The Ladies’ Gallery. 

Of four plates exposed, two were infected, each developing one colony 
of B. prodigiosus. These plates were about 50 feet distant from the person 
who spoke. | 

(e) The Speaker's Gallery. 
Of two plates exposed, one developed one colony of B. prodigiosus. 


(f) The Strangers’ Gallery. 


Of the two plates exposed, each on one of the posts on either side of 
the stairway in the middle of this Gallery, one plate developed one colony 
of B. prodigiosus. 


The posts on which these plates were exposed were 61 feet from the 
person who spoke. 


The figures with regard to the Galleries as a whole are seen in the 
following table :— 


The Galleries in Experiment IT. 


Situation. Plates Plates Colonies of 











Exposed. Infected. B. Prodigiosus. 

Members’ Gallery, Ministerial side i] 2 S, 

ms ad Opposition side 9 4 4 
Peers’ Gallery fe eke 7 v 1 
Press Gallery 7 2 4 
Ladies’ Gallery 4 2 
Speaker’s Gallery 2 i i 
Strangers’ Gallery ... 2 1 1 








Total 


i 
cS 
Sy 
Cs 
i 
io 2) 











4. Plates Exposed in the Roof in Experiment II. 


Of six plates exposed in the chamber above the ceili 
; plates eiling, three were 
infected, yielding in aggregate four colonies of B. Sera The plate 
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that showed two colonies of that. micro-organism had been exposed on the 
bridge about 10 feet inside the shutter over the Bar end. The distance 
of this plate from the person who spoke was 71 feet. The other infected 
plate had been exposed by a grating over the Strangers’ Gallery. 


As might be expected, the four plates exposed in the entrances to the 
downcasts in this experiment remained uninfected with B. prodigiosus. Two 
plates in the common duct from the gasburners in the ceiling also remained 
uninfected with B. prodigiosus. , 


Roof in Experiment II. 




















; ! Plates Plates Colonies of 
Situation. Exposed. | Infected. B. Prodigiosus. 
On floor above ceiling 6 3 4 
In downcasts... fs ie aN ip 4 0 0 
In duct from gasburners ... ik tee 2 0 0 
argh... a 2 a 12 a 4 











Analysis of the Result of Experiment IT. 


Situation of the Infected Plates. 


| Out of 208 plates exposed to the air in this experiment, altogether 

57 became infected with B. prodigiosus. The number of plates infected in 
each part of the Debating Chamber was as follows:—The Speaker’s chair, 
1; Table, 2; Ministerial Benches, 24; Opposition Benches, 14; Galleries, 
13; Chamber above ceiling, 3. 


Number of Colonies of B. Prodigiosus shown by these Plates. 


Eleven of the 57 plates showed more than one colony of B. prodigiosus. 
The plate showing the greatest amount of infection was the one that had 
been exposed nearest to the person who spoke. This plate, which had been 
laid on the Ministerial box, developed 83 colonies of B. prodigiosus. There 
was a considerable drop between this plate and the one showing the next 
highest yield of B. prodigiosus, which was a plate that had been placed on 
the Table in front of the Clerk’s seat on the Ministerial side, and developed 
four colonies of B. prodigiosus. The third most highly infected plate showed 
three colonies of that micro-organism, and had been exposed on the Minis- 
terial side of the Members’ Gallery. Eight plates each showed two colonies 
of B. prodigiosus. The places where they had been exposed were Minis- 
terial benches, three plates; Opposition Benches, one plate; Ministerial side 
of the Members’ Gallery, one plate (exposed next to the plate yielding three 
colonies); Press Gallery, two plates; and bridge over ceiling, one plate. 
The remaining 46 plates infected in the experiment showed only one colony 
of B. prodigiosus apiece. 


Experiment IV .—Ventilation on—As in Experiment II., a surface 
agar plate made at the end of the speaking, from the saliva of the person 
who spoke, showed after 48 hours at 22° C. innumerable colonies of 
B. prodigiosus. 


Out of a total of 211 plates exposed in this experiment, 62 became 
infected with B. prodigiosus. The results shown by plates exposed in the 
various parts will now be considered in detail. 


1. Plates Exposed in the Equalising Chamber in Experiment IV. 


Four plates exposed in this situation failed to develop B. prodigiosus. 
24080 K 
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2. Plates Exposed in various Situations. on the Floor of the Debating 
Chamber in Experiment IV. 

(a) Table—Three out of five plates exposed on the Table were infected 
with B. prodigiosus. A plate exposed on the Ministerial box became very 
heavily infected with B. prodigiosus in this experiment; being estimated to 
contain no less than 1,384 colonies of that micro-organism. A plate exposed 
in the middle of the space between the two brackets, on which the Mace rests 
when in position on the Table, showed 18 colonies of B. prodigiosus. A 
plate exposed on the Opposition box yielded nine colonies of the same micro- 
organism. On the other hand, both the plates exposed on either side of the 
Table in front of the Clerks’ seats escaped infection. 

(b) The Speaker's Chair.—Both plates exposed on the arms of the 
Chair in this experiment remained uninfected with B. prodigiosus. : 

(c) The Benches.—As in the case of Experiment IT., the total number of 
plates exposed on the benches on both sides of the House was 142, of which, 
in the present experiment, 36 were infected with B. prodigiosus—a propor- 
tion of 25 per cent. The aggregate of the prodigiosus colonies yielded by. 
these plates was 47. Again, more plates were infected on the Ministerial 
than on the Opposition side of the House. Of 71 plates exposed on the 
Ministerial side, 21 were infected—a proportion of 29 per cent., with an 
aggregate of 27 colonies of B. prodigiosus. Of 71 plates exposed on the 
Opposition side, 15 were infected—a proportion of 21 per cent., with an 
ageregate of 20 colonies of B. prodigiosus. 


Benches on the Ministerial Side of the House. 


Benches above the Gangway. | 


Out of 41 plates exposed, 11 were infected; and the aggregate of pro- 
digiosus colonies yielded by them was 13. A reference to the diagram 
shows that in the present case the incidence was heaviest upon the plates 
exposed on the back row under the Gallery, five out of nine plates exposed on 
the seat of the row in question being infected, and yielding in aggregate 
seven colonies of B. prodigiosus; that is, over half the total number of pro- 
digiosus colonies yielded by the block. On the other hand, the Treasury 
Bench only had two out of eight plates exposed thereon infected, and each - 
of these infected plates showed one colony of B. prodigiosus. It is note- 
worthy that although the bench underneath the Gallery exhibited such.a 
high incidence in the present experiment, the bench immediately in front 
of it escaped. The distance of the infected plate at the top end of the 
second bench, that is to say, at the end nearest to the Speaker’s Chair, was 
20 feet from the person who spoke. 


Benches below the Gangway. 


Out of 30 plates exposed, 10 became infected, yielding on aggregate of 
14 colonies of prodigiosus. With regard to the distribution of the infected 
plates, the same feature is seen as in the case of the block above the gang- 
way. Once more the back row plates are the most heavily infected, four 
out of six of them being positive, and yielding in aggregate five of the 14 
prodigiosus colonies yielded by the block. It is noteworthy also that the 
plate furthest away in the back row was infected. The distance of this 
plate from the person who spoke was 33 feet. Another point worthy of 
remark in reference to the present group of benches is that, as in Experi- 
ment I1., the third horizontal row was more heavily infected than the others, 
the three plates infected in this position giving an aggregate of no less than 
six colonies of B. prodigiosus. : | 


Benches on the Opposition Side. 


Benches above the Gangway. 


Out of 41 plates exposed on these benches, 10 were infected, and the 
aggregate of prodigiosus colonies yielded by them was 14. The highest 
incidence is seen to have fallen on the Front Opposition Bench, where three 
out of eight plates exposed were infected, and yielded an aggregate of seven 
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colonies of B. prodigiosus. Half of the total prodigiosus colonies of the 
block were, therefore, provided by the plates on the front bench. The single 
plate in the first horizontal row that was infected, namely, the plate at the 
upper end of the third bench, was 25 feet away from the person who spoke 
at the Ministerial box. 


Benches below the Ganqway. 


_ Out of 30 plates exposed five were infected. The aggregate of B. pro- 
digiosus colonies yielded by them was six. Three of the five infected plates 
in this block are seen to have been near one another and far back, two of 
them being on the back bench. The distance of the infected plate on the 
third bench from the person who spoke at the Ministerial box was 27 feet. 


_ The figures as regards infection of the plates on the floor benches in 
this experiment are summarised in the following table: — 


Floor Benches in Experiment IV, 






































Ministerial Side. Opposition Side. 
Situation. ‘ 7 i 
Plates Plates oie ot eee Plates Plates 
Exposed. | Infected. digiosus digiosus. Infected. | Exposed. 
Above Gangway 4 ne Al bit 13 14 10 Al 
Below Gangway np a 30 LQ. 14 6 D 30 
Total .... ay 71 21 ay 20 15 71 

















(d) The Gangways.—Four plates were exposed in each of the two 
Gangways in this experiment. The only plate showing infection with 
B. prodigiosus was one that had been placed on the bottom step of the 
Opposition Gangway. 


3. Plates Exposed in the Galleries in Experiment IV. 


; Out of the 38 plates exposed in the Galleries in Experiment IV., 19 
were infected with B. prodigiosus—a proportion at the rate of 50 per cent.— 
these infected plates yielding an aggregate of no less than 32 colonies of 
B. prodigiosus. 


The incidence of B. prodigiosus on the plates in the various galleries 
was as follows :— 
(a) Members’ Gallery. 


Ministerial Side—Out of nine plates exposed, three became in- 
fected, with an aggregate of four colonies of B. prodigiosus. 


Opposition Side.—Of the nine plates exposed in this situation, no 
less than seven showed infection with B. prodigiosus, and gave an aggregate 
of 14 colonies. 

(0) The Peers Gallery. 

Out of seven plates exposed, three became infected, and showed an 

aggregate of four colonies of B. prodigiosus. 
(c) The Press Gallery. 


Of the seven plates exposed, two became infected and showed an 
_ aggregate of three colonies of B. prodigiosus. 


(d) The Ladies’ Gallery. 


Of four plates exposed, two became infected, each with one colony, of 
B. prodigiosus. | 
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(e) The Speaker's Gallery. 
Through an oversight, plates were not exposed in experiment IV. in 
this Gallery. 
(f) The Strangers’ Gallery. 
Both the plates exposed on the posts in this Gallery were infected. One 


plate showed two colonies, the other three colonies of B. prodigiosus. The 
distance of these plates from the person who spoke was 62 feet. 


The figures as regards the various Galleries in Experiment IV. are 
summarised in the following table :— 


The Galleries in Experiment IV. 











Plates Colonies of 


Situation. Plates 














Exposed. Infected, B. Prodigiosus, 

Members’ Gallery, Ministerial side 9 3 4 
is . Opposition side 9 (i 14 
Peers’ Gallery fae ae Fee 7 3 4 
Press Gallery 7 2 3 
Ladies’ Gallery 4 2 2 
Speaker’s Gallery — — a 
Strangers’ Gallery 2 2 i) 
Total... aa ae a 38 19 32 





4. Plates Exposed in the Roof in Experiment IV. 


Of six plates exposed in the same places in the chamber above the 
ceiling where plates had been exposed in Experiment Il, two showed 
infection with B. prodigiosus, and each presented one colony of that micro- 
organism. One of these infected plates had been exposed on the middle of 
the bridge, and the other infected plate had been exposed by the grid over 
the Strangers’ Gallery. The plate exposed in the latter situation was, 
therefore, infected in both Experiments II. and IV. . 


In this experiment one of the four plates exposed in the entrances to 
the downcast shafts that communicate with the Clock Tower was infected. 
It had been exposed in the second downcast shaft, and presented one colony 
of B. prodigiosus. The distance of this plate from the person who spoke 
was 70 feet. 


As in Experiment IT., two plates exposed in the common duct from the 
gasburners in the ceiling were not infected with B. prodigiosus. 


Roof in Experiment IV. 





Colonies of 


Situation, B. Prodigiosus, 








Plates Plates 
Exposed. Infected. 





On floor of chamber above ceiling 6 2 2 
In downcasts... 33 a haw the + 1 z 
In duct from gasburners e ee 2 0 0 


Total <i I, ve +. 1p 4) 3 





Analysis of the Result of Experiment IV. 
Situation of the Infected Plates. 


Out of 211 plates exposed to the air in this experiment altogether 62 
became infected with B. prodigiosus. The number of plates infected in 
each part of the Debating Chamber was as follows:—The Table 3, Minis- 
terial Benches 21, Opposition Benches 15, Opposition Gangway 1, Galleries 
19, chamber above the ceiling 3. 
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Number of Colonies of B. Prodigiosus shown by these Plates. 

Nineteen of the 62 infected plates showed more than one colony of 
B. prodigiosus. As in the previous experiment, the plate showing the 
greatest amount of infection was the one exposed nearest to the person who 


spoke, 7.¢., the plate laid upon the Ministerial box. The actual number of . 


colonies was estimated to be 1,384. The plate next highest in 
prodigiosus yield was one that had been exposed in a spot not tested in 
Experiment II., namely, on the Table between the brackets whereon the 
Mace rests, and it yielded 18 colonies of B. prodigiosus. The third most 
highly infected plate was that exposed on the box on the Opposition side 
of the Table, it had nine colonies of B. prodigiosus. The fourth most highly 
infected plate was one that had been exposed on the front seat about half- 
way along the Members’ Gallery on the Opposition side of the Debating 
Chamber; it developed no less than four colonies of B. prodigiosus. Six 
plates each presented three colonies of B. prodigiosus. They had been 
exposed as follows :—Ministerial Benches 2 plates, Opposition Benches 
2 plates, Members’ Gallery (Opposition side) 1 plate, and Strangers’ 
Gallery 1 plate. Nine plates each presented two colonies of B. prodigiosus. 
They had been exposed thus:—Ministerial Benches 2, Opposition 
Benches 1 (in both cases below the Gangway); Members’ Gallery 
(Ministerial side) 1, Peers’ Gallery 1, Members’ Gallery (Opposition side) 
2, Press Gallery 1, and Strangers’ Gallery 1. 


iv. The Effect of the Ventilation on the Spread of Particulate Matter 
emitted in the Breath. 


The results of the control Experiments [. and III. show that 
5. prodigiosus was not present in the air of the Debating Chamber on 
either occasion before the speaking began. ‘The presense of this micro- 
organism, therefore, in the plates exposed in Experiments IT. and IV., 
indicates the presence in them of particulate material derived from the 
mouth of the person who performed the act of speaking. If further 
evidence were needed of the correctness of this inference it is seen in the 
fact that in both experiments, at the end of speaking, the saliva of the 
person who spoke was demonstrated to contain B. prodigiosus in large 
numbers, and also by the fact that on both occasions of all the plates 
exposed, the one nearest to him, namely, the plate on the Ministerial box, 
was far more extensively infected with B. prodigiosus than any other 
plate. 

The development, therefore, of a colony or mass of growth of B. 
prodigiosus in a plate exposed in either of these two speaking experiments 
was the result of its having been infected by a particle or droplet derived 
from the mouth of the person who performed the act of speaking, and the 
development of two or more separate masses of growth or colonies of 
B. prodigiosus in any of these plates indicates the infection of such a plate 
by two or more separate particles or droplets derived from that source. 

By comparing the prodigiosus yield of the plates exposed in the 
various parts of the Debating Chamber in the two experiments with the 
ventilation off and on respectively, an estimate can be formed of the effect 
of the ventilation on the spread of droplets emitted on both cccasions from 
the mouth in performance of the act of loud speaking. 


Comparison between the Results of Experiments II. and IV. 

In comparing the results of these two experiments, only the plates 
exposed in the same spots in each situation will be taken into consideration. 
A. The Number of Plates Infected in various Parts of the Debating 

Chamber in each of the Two Experiments, and the Number of 
Colonies of B. Prodigiosus yielded by these Plates. 
1. The Floor of the Debating Chamber. 


(a) Lhe Table—In both experiments four plates were exposed on the 
Table in the same spots. On each occasion two of these plates became 


Effect of 
Ventila- 
tion. 


78 


infected with B. prodigiosus. The number of colonies yielded by the two 
infected plates, however, was very different. In the experiment with the 
ventilation off 87 colonies of B. prodigiosus were present, whereas in the 
experiment with the ventilation on the two plates yielded 1,393 colonies of 
that micro-organism. The plate mainly responsible for this difference was 
that exposed on the Ministerial box immediately in front of the person who 
spoke. This plate developed 83 colonies of B. prodigiosus in the exper1- 
ment when the ventilation was off as compared with 1,384 colonies when 
the ventilation was on. 

(b) The Speaker's Chair—Although a plate exposed on the right arm 
of the chair showed one colony of B. prodigiosus in the experiment with 
the ventilation off, neither this plate nor that exposed on the other arm of 
the chair was infected in the experiment with the ventilation on. 


(c) The Benches.—Out of a total of 142 plates exposed on the benches 
in each of the two experiments the number infected when the ventilation 
was off was 38, as compared with 36 when the ventilation was on. The 
proportion of plates infected, therefore, was 26 per cent. when the ventila- 
tion was off, and 25 per cent. when it was on. On the latter occasion, 
however, the infected plates yielded 47 colonies of B. prodigiosus, a number 
five in excess of that obtained when the ventilation was off. 


From those figures it cannot be said that the ventilation produced 
much effect on the gross incidence of droplets on the plates exposed on the 
benches. 


(d) The Incidence of B. Prodigiosus upon the Benches on each Side of 
the Chamber separately —Comparing next the incidence of B. prodigiosus 
upon the benches on each side, it is seen that with the ventilation off, the 
Ministerial Benches showed 24 infected plates and the Opposition Benches 
14. When the ventilation was on, the Ministerial side showed 27 infected 
plates, while the number infected on the Opposition side was practically 
the same as before, viz., 15. 


The number of colonies of B. prodigiosus yielded by the plates was as 
follows :—When the ventilation was off, the plates on the Ministerial side 
gave 27 colonies, those on the Opposition side 15 colonies; when the ventila- 
tion was on, the former side gave 27 colonies as before, but the Opposition 
side now gave 20 colonies of B. prodigiosus. 


On both occasions, therefore, the incidence of B. prodigiosus was — 
heavier on the benches on the Ministerial side than on the Opposition 
Benches. A comparison of the number of colonies of B. prodigiosus yielded 
by the plates on the two sides shows that the actual number of droplets 
falling on the plates on the Ministerial side was the same in both experi- 
ments. In the experiment with the ventilation on, however, a few more 
droplets were found to have fallen on the Opposition Benches than had. been 
the case in the previous experiment. 


2. The Gallery. 


_ _On comparing the results shown by the plates exposed in the galleries 
in the two experiments it is seen that of 38 plates exposed in the same spots 
in each experiment, 12 were infected with B. prodigiosus when the ventila- 
tion was off, as against 19 infected when the ventilation was on. The 
number of colonies of B. prodigiosus yielded by the plates exposed on the 
former occasion was 50, as compared with 79 colonies yielded by the plates 
when the ventilation was on. The difference between the results of 
the two experiments is therefore considerable, and indicates that in the 
experiment with the ventilation on, the incidence of droplets on the gallery 
plates was increased by 50 per cent. 


The incidence of B. prodigiosus on the plates exposed in the various 
parts of the Gallery in the two experiments will now be compared. 


The Members’ Gallery. 


3, Ministerial Side—Out of the nine plates exposed on the front seat 
of this Gallery in each of the two experiments, two were infected when the 
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ventilation was off and three when the ventilation was on. The number of 
colonies of B. prodigiosus, however, yielded by the plates was five when the 
ventilation was off, and three when it was on. This result was due to the 
fact that on the former occasion one of the plates showed three colonies of 
B. prodigiosus, thus being more highly infected than any plate exposed on 
the benches on the floor in the same experiment. 


The above figures show that the incidence of droplets was slightly 
diminished in this Gallery when the ventilation was on. 


2. Opposition Side—In both experiments this side of the Members’ 
Gallery was more heavily infected than the other. Of nine plates exposed 
on each occasion, four were infected with B. prodigiosus when the ventila- 
tion was off, and each of them showed one colony of B. prodigiosus. When 
the ventilation was on, seven of the nine plates were infected, and yielded 
in aggregate 14 colonies of B. prodigiosus. One of these infected plates 
showed no less than four colonies of that micro-organism, so that in this 
experiment also a Gallery plate was more heavily infected than any plate 
exposed on the benches. 


From these results it would appear that the incidence of droplets in 
this Gallery was increased threefold in the experiment when the ventilation 
was on. 


The Peers’ Gallery. 


In each of the two experiments seven plates were exposed in this 
Gallery. When the ventilation was off, one plate was infected, and it 
showed one colony of B. prodigiosus. When the ventilation was on, three 
plates were infected, and they yielded four colonies of B. prodigiosus. 


The incidence of droplets was, therefore, four times increased in this 
Gallery in the experiment with the ventilation on. 


The Press Gallery. 


In this Gallery, also, seven plates were exposed in each of the two 
experiments, with the result that on both occasions two of the plates became 
infected. The number of colonies ot B. prodigiosus yielded by the infected 
plates was four when the ventilation was off and three when it was on. 

The incidence of droplets in this Gallery was, therefore, slightly 
diminished in the experiment with the ventilation on. 


The Ladies Giallery. - 


In both experiments two out of the four plates exposed in this Gallery 
became infected, and in both, each of the infected plates showed one colony 
of B. prodigiosus. 


No alteration, therefore, was seen in the incidence of droplets in this 
Gallery when the ventilation was on. 


The Strangers’ Gallery. 


In both experiments two plates were exposed on the tops of two posts 
in this gallery. When the ventilation was off, only one of the two plates 
became infected, and it showed one colony of B. prodigiosus. When the 
ventilation was on, however, both plates became infected, one showing two 
colonies of B. prodigiosus, the other three. 


_ The incidence of droplets in this Gallery, therefore, was five times 
increased in the experiment when the ventilation was on, 


3. The Roof. 


On both occasions a plate exposed by a grating above the Strangers’ 
Gallery became infected, and showed one colony of B. prodigiosus. Of 
four plates exposed on the bridge over the ceiling in each experiment, two 
were infected when the ventilation was off, and one when it was on. Inthe 
former case three prodigiosus colonies developed, in the latter one. 
In the experiment with the ventilation on, the plate in the mouth of a down- 
cast shaft became infected and showed one colony of B. prodigiosus. 
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These results prove that when the ventilation was off, droplets, never- 
theless, were carried out through the apertures in the ceiling to the chamber 
above.* In the experiment with the ventilation off, more droplets were 
deposited on the plates on the bridge than when the ventilation was on. 
In the latter case, however, at any rate one downcast shaft was proved to 
be carrying off a droplet emitted from the mouth of the person who spoke 
at the Ministerial box. . 


Table showing Side by Side the Results of the two Speaking Experiments. 





| Number of Plates | Number of Colonies 
| Infected. of B. Prodigiosus. 
| 











| No. of = 
eituation: Pesos Ventilation. Ventilation. 
| Exposed. 
Off | On | Off | On 
Floor : 
The Speaker’s Chair =e ae = 2 1 0) d, 0 
Table ... ca seth ss Ae soc 4 2 2 87 1,393 
Ministerial Benches above Gangway_... Al 12 11 14 ; 
it a below As By: 30 2 10 13 14 
Opposition x above a ae Al. 10 10 11 14 
43 @ below - - BOs | cick 5 4. 6 
Gallery : 
Members’ Gallery, Ministerial side g: 2 3 4) 4 
%, ; Opposition side “J 4 rs 4° 14 
Peers’ Gallery ae ips % 1 3 1 4 
Press Gallery 7 2 2 4 a 
Ladies’ Gallery 4 2 2 2 2 
Strangers’ Gallery ... 2 1 2 1 4) 
Roof : 
Over Strangers’ Gallery 1 1 1 1 I 
Bridge over ceiling 4 2 1 4 1 
Downcasts 4 0 1 () 1 




















B. Comparison of the Result of the two Experiments in respect of Plates 
showing more than one Colony of B. Prodigiosus, the Plates exposed 
on the Table in each Hxperiment being excluded from Consideration. 


In the experiment when the ventilation was off, the number of plates 
showing more than one colony of B. prodigiosus was 11; in the experiment 
when the ventilation was on the number rose to 18. 


Plates showing two Colonies of B. Prodigiosus. 


When the ventilation was off eight plates showed two colonies of 
B. prodigiosus. Four of these plates had been exposed on the Benches, 
three of them on the Ministerial side. Of the remaining four plates, two 
had been exposed in the Press Gallery, one on the Ministerial side of the 
Members’ Gallery, and one on the bridge over the ceiling. 


In the experiment when the ventilation was on, nine plates showed 
two colonies of B. prodigiosus. Three of these plates had been exposed 
on the benches, two of them on the Ministerial side. The remaining 
six plates had all been exposed in the Gallery, three in the Members’ 
Gallery, and one,each in the Peers’, Press, and Strangers’ Galleries. 


Plates showing three Colonies of B. Prodigiosus. 


In the experiment with the ventilation off, one plate showed three 
colonies. It had been exposed in the Members’ Gallery on the Ministerial 
side of the Chamber. 





* The panels in the ceiling of the Debating Chamber are raised 1} inches from the 
framework in order to permit the passage of air upwards. 
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In the experiment with the ventilation on, six plates each showed 
three colonies of B. prodigiosus. Four of these had been exposed on the 
benches, two on each side. Both of the remaining plates had been exposed 
in the Gallery, one in the Members’ Gallery on the Opposition side of the 
Chamber, the other in the Strangers’ Gallery. 


Plates showing four Colonies of B. Prodigiosus. 


In the experiment with the ventilation on, one plate showed four 
colonies of B. prodigiosus. It had been exposed in the Members’ Gallery 
on the Opposition side of the House. 


C. Comparison of the Distribution of the Infected Plates in the two 
Kaperiments. The Floor. 


1. The Table and neighbouring parts. 


The fact that the plate on the Ministerial box was by far the most 
heavily infected in each of the two experiments has been previously referred 
to, as also has the great difference in the extent to which this plate became 
infected on the two occasions. 3 


If the positions of the plates second in degree of infection on the Table 
in each of the two experiments are now compared, it will be seen that the 
main stream of droplets falling in this part of the Debating Chamber fell 
on different spots in the two experiments. When the ventilation was off, 
the plate in front of the Clerk’s seat on the Ministerial side of the Table was 
the second largely infected plate; and a glance at the diagram showing the 
position of the plates infected in this experiment suggests that the main 
direction in which falling droplets were carried, was towards the right of 
the Speaker’s Chair, and on to the front Ministerial Bench adjacent 
thereto. 


On the other hand, in the experiment when the ventilation was on, 
these spots, including the portion of the Table in front of the Clerk’s seat, 
escaped infection. In the present case the stream of falling droplets appears 
to have been carried directly across the Table. The extra plate exposed 
in this experiment between the brackets whereon the Mace rests when on 
the Table, showed 18 colonies of B. prodigiosus; and the plate on the Oppo- 
Sition box, nine. The comparatively high rate of infection of the plates 
exposed on the front Opposition Bench in this neighbourhood in the present 
experiment, as also the fact that a plate exposed in the Gangway was 
infected; confirms the view that in the present case, unlike the former one, 
the main stream of droplets was carried directly across the Table. 


2. The Benches. 


In comparing the positions of plates infected on the benches in each 
experiment, it will be convenient to exceed the usual differentiation by 
means of the Gangway, and to examine the whole of the benches on each 
side, first lengthwise, and secondly, cross-wise. _ When the benches are 
viewed in the former direction, 14 plates are examined in each row; when in 
the latter, five. 


The Distribution of Droplets on the Ministerial Benches in the two 
Experiments. 


When the ventilation was off, the first or front bench all along its 
length was the most heavily infected of all the five rows of benches on this 
side, no less than nine of the 14 plates exposed at intervals of about 3 feet 
apart along this bench becoming infected, and yielding an aggregate of 12 
colonies of B. prodigiosus. Between this row and the next in infection rate 
there was a great drop. After the front row, incidence was equally heavy 
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on the second and on the back rows, each of which had five plates infected 
with one colony of B. prodigiosus apiece. The row least infected was the 
fourth, which showed only one infected plate. 


Very different is the distribution of B. prodigiosus on the same benches 
in the experiment when the ventilation was on. The row most heavily 
infected is now found to be the back row, which has nine of its 14 plates 
infected, and an aggregate of 12 colonies of B. prodigiosus. As in the 
former experiment, there is a great drop between this and the bench next 
in infection rate, which is the third row in the present case, with five infected 
plates, and an aggregate of five colonies of B. prodigiosus. The front row 
in this experiment showed only three infected plates; yielding between 
them three colonies of B. prodigiosus. As in the previous experiment, the 
fourth row was the least infected. The single positive plate, however, had 
no less than three colonies of B. prodigiosus. Its position was very near to 
that of the single plate infected in the same row in the experiment when the 
ventilation was off. 


If the position of the infected plates on this side is now viewed cross- 
wise, it is seen that the row most infected was the same on both occasions, 
namely, the third horizontal row below the Gangway. When the ventila- 
tion was off, four of five plates exposed in this row were infected; and each 
showed one colony of B. prodigiosus. When the ventilation was on, three 
of the five plates were infected; but they showed six colonies of B. prodi- 
gI0Sus. 


So far as the Ministerial Benches are concerned, therefore, the ventila- 
tion appears to have diminished the incidence of droplets on the front 
bench, and to have increased it upon the back bench, which is situated 
under the Gallery. A glance at the diagram will show that this feature 
holds both for the Ministerial Benches above, and also for those below the 
Gangway. 


The Distribution of Infection on the Opposition Benches in the two 
EKapervments. 


In both experiments the block below the Gangway was less heavily 
infected than the block above. : 


Viewing the benches lengthwise, it is seen that when the ventilation 
was off, there was no marked difference between the number of plates 
infected in each row; three becoming infected in each, except in the fourth 
row. When the rows are viewed cross-wise, however, it is seen that in the 
first row of five plates no less than four were infected, and that in the second 
cross row two plates were infected; being situated on the first and second 
benches respectively. The third cross row also showed two infected plates. 
The incidence of B. prodigiosus on the Opposition Benches in this part was, 
therefore, very marked in the experiment when the ventilation was off. 


On the other hand, when the ventilation was on, the front bench was 
.the most heavily infected, especially that part of it near the Opposition box 
on the table; four plates being here infected with an aggregate of nine 
colonies of B. prodigiosus. A plate in the Gangway in this experiment 
also developed a colony of B. prodigiosus. It has been pointed out pre- 
viously that the main stream of falling droplets in this experiment 
evidently travelled over the Opposition box. After the front row, the row 
next in prodigiosus incidence was the back row, which had four plates 
infected, showing an aggregate of four colonies. 


The heavy incidence on the first three cross rows in the neighbourhood 
of the Chair when the ventilation was off did not take place in the 
experiment with the ventilation on. 


It would appear, therefore, that in the experiment with the ventilation 
on, the incidence of droplets on the Opposition benches was higher on the 
front bench near the box than had been the case in the previous experiment. 
The actual number of plates infected on the front bench was equalled, 
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however, by the back; although the latter plates only yielded four colonies 
of B. prodigiosus as against nine developed by the plates on the front bench. 


Lhe Distribution of Droplets in the Gallery in the two Experiments. 


_ The fact that in the experiment with the ventilation off, the rate at 
which the plates exposed in the Gallery became infected with B. prodigiosus 
was higher than the rate at which plates exposed on the benches on the floor 
in the same experiment were infected is very remarkable, and is worthy 
of further investigation. 


It is also noteworthy that, in both experiments, after the plates which 
were exposed on the Table and found to become infected with B. prodigiosus, 
the plate most highly infected with B. prodigiosus had been exposed in the 
Gallery. In both experiments this plate had been exposed in the Members’ 
Gallery, but in the experiment with the ventilation off, the plate—which 
showed three colonies of B. prodigiosus—had been placed in the Gallery on 
the Ministerial side and near the end of it that abuts on the Press Gallery ; 
whereas in the experiment with the ventilation on, the plate was one that 
had been exposed about half-way along the Members’ Gallery on the 
Opposition side, and it showed four colonies of B. prodigiosus. 


If the position of the gallery plate that showed three colonies of B. pro- 
digiosus in the experiment with the ventilation off, is viewed in reference 
to the position of the infected plates on the floor; it will be seen that the 
shower of falling droplets that passed from the Ministerial box to the right 
of the Speaker's Chair in this experiment might have been continued 
‘to the spot in the Gallery where that plate was exposed. Thus the corner 
of the front Ministerial Bench hard by the Chair had two doubly-infected 
plates, the Press Gallery above had one as well, and this last plate was close 
to the plate in the Members’ Gallery that showed three colonies. 


On the other hand, if a line is drawn from the Ministerial box on the 
table to the position in the Members’ Gallery on the Opposition side where 
the plate was exposed that developed four colonies in the experiment with 
the ventilation on, the line will be seen to travel for the first part of its 
journey over the plates that, exposed on the Opposition box and front 
Opposition Bench, showed such a high incidence of B. prodigiosus in this 
experiment. The heavy incidence of B. prodigiosus on the other plates in 
the Opposition side of the Members’ Gallery in this experiment is also 
suggestive of a shower of droplets, perhaps dragged up from the neighbour- 
hood of the Opposition box by the ventilation and deposited in this Gallery. 


Viewing the position of the plates infected in the Gallery as a whole 
in each of the two experiments, the 50 per cent. increase in the incidence of 
droplets that took place in the experiment with the ventilation on is seen 
to have chiefly occurred towards the end of the Gallery which is behind the 
Clock and which contains the Peers’ and Strangers’ Galleries. Moreover, on 
both sides towards this end of the Debating Chamber, but especially on the 
Opposition side, the Members’ Gallery showed an increase in the incidence 
of droplets when the ventilation was on. 


It seems quite possible that the action of the extraction fire in the 
Lobby Tower was responsible for this increased incidence. 


v. Conclusions from the Speaking Experiments. 


In the first place it must be admitted that the fact that the plate 
exposed nearest to the person who spoke was so much less extensively 
infected in the speaking experiment when the ventilation was off than in the 
experiment when the ventilation was on, may be taken to imply that, in 
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spite of all attempts to keep the two experiments as parallel as possible, 
a smaller number of droplets was sprayed into the air on the former occasion. 


It is not fair, therefore, to discredit the ventilation to the extent that 
strict comparison of the results obtained in the two experiments would 
indicate. 


At the same time, the result of the experiment with the ventilation off 
must not be allowed to obscure the chief point which these experiments 
were undertaken to determine, namely, the effect of the ventilation on the 
spread throughout the Debating Chamber of droplets sprayed from the 
mouth in performance of the act of loud speaking. 


And though it be granted that more droplets were sprayed into the air 
in the experiment when the ventilation was in action than had been the case 
in the previous experiment when the ventilation was cut off; it 1s neverthe- 
less true that the act in performance of which such dissemination occurred, 
though not, perhaps, of the same degree of intensity in both experiments, 
was of the same character, and of the same duration. 


This being so, it 1s impossible to avoid the conclusion that the pro- 
portion of plates infected by particulate material derived from the mouth 
of the person who spoke was sufficiently great in the experiment when the 
ventilation was in action to show that, from this point of view, the influence 
of the ventilation under the conditions then obtaining was far from satis- 
factory, for in this experiment 25 per cent. of the plates exposed on 
the benches, and no less than 50 per cent. of the plates exposed in the 
galleries, were infected by droplets given off from the mouth in perform- 
ance of the act of loud speaking. 


vi. Addenda. 


(a.) Observations made with Frankland’s Method during Exposure of 
the Plates in each Experiment. 


In each of the four experiments 250 litres of the air of the Debating 
Chamber was aspirated through a Frankland tube placed at the end of the 
Debating Chamber under the Clock. The tube was fixed in a clamp at a 
point on the Opposition side of the Centre Gangway, about 10 feet from the 
Lobby door and at a height of about 5 feet from the floor. The air was 
drawn through the plugs by a Petri air-pump connected with an air-meter 
which communicated directly with the Frankland tube by a piece of rubber 
tubing. The first two glass wool plugs in each of the Frankland tubes were 
pounded up in 1 c.c. of sterile salt solution and the emulsion spread over the 
surface of a series of six agar plates. The plates were then incubated at 
22° C. Although many colonies developed on the 24 plates, no colonies of 
B. prodigiosus were found. 


(b.) The Number of Micro-organisms, and of Bacteria and Moulds, 
respectively, developing on the Plates. 


The chief object of the four experiments being to determine the effect 
of the Ventilation on the spread of particulate matter from the mouth, the 
chief feature observed after incubating the plates was the presence or 
absence of the micro-organism of index, B. prodigiosus. A record, how- 
ever, was also kept of the aggregate of colonies of all kinds present on each 
plate, and also of the relative number of bacteria and moulds respectively. 
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The following tables give the averages in these three respects shown by 
the plates exposed in each locality. The enumeration was done after four 
days, for two of which the plates had been kept in the incubator at 22° C., 
and for two others at the temperature of the laboratory. 


In considering these results it should be borne in mind that in Experi- 
ment I. the plates were exposed to the air for half an hour longer than 
in any of the other three experiments. 


The figures show very plainly that when the ventilation was on, a great 
increase occurred in the number of micro-organisms, bacteria, and 
moulds in the air of the Debating Chamber. This increase would appear 
to be more marked in the case of plates exposed in the Equalising Chamber 
than in plates exposed elsewhere, but the plates exposed in the former situa- 
tion were not sufficiently numerous to warrant a definite conclusion upon 
this point. : 


For some reason, which is not obvious, the number of moulds shows a 
remarkable increase in Experiment IV. 


The kinds of bacteria present were chiefly cocci commonly met with in 
air, such as sarcine and staphylococci. A pink torula was observed in 
_ 28 plates. 


B. mycoides was present in a plate exposed on the bridge over the 
ceiling of the Debating Chamber in Experiment II. It was also present in 
a plate exposed on the Treasury Bench in Experiment IV. As the experi- 
ments, however, were not made while the House was sitting, I have not 
included these observations in the table of mycoides results previously 
given. 


1.—Number of Plates exposed in each Locality in each Experiment. 























Experiments. 
aes 2 IL. re IV. 
Kqualising Chamber ... _ ay vee Fred 2 4 4 4 
Floor :— 2 ; | 
Table and Chair oe me a wh a8 3 6 4 7 
Ministerial Benches above Gangway At ri 10 Al 20 4] 
- MS below ‘“ es. eae LU 30 15 30 
Opposition Ks above 3 4 es ee ALU) 41 20 41 
8 ¥ below . Mi heat PLE 30 15 3 
Total Floor plates... fe ve eae VS 148 74 149 
Galleries :— 
Members’ Gallery, Ministerial side 4 9 4 9 
ay a Opposition _,, | 2 9 4 9 
Peers, &c. ,, a ven | ye 7 3 j 
Press BS 2 7 3 ( 
Ladies’ ts : 2 4 3 4 
Speaker’s,, 2 2 2 0 
Strangers’ ,, 0 2 i) 2 
Total Gallery plates ... A or Pos tl 40 20 38 
Roof :— | 
BOUL j-.. oy wat ee ve oa. wae] 6 6 6 6 
Dowreasts ae: eye a dus At 2 4. 4 4 
Total Roof plates... aa ase “| 8 10 10 10 
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2.—Average Number of Micro-organisms per Plate. 





Equalising Chamber 


Floor :— 
*Table and Chair =o ee 
Ministerial Benches above Gangway 


s " below # 
Opposition ,, above 4 
bP) ”? below ” 


Mean per plate on Floor 


Galleries :— 
Members’ Gallery, Ministerial side 
Opposition ,, 


? bP 


Peers i 
Press as 
Ladies’ - 
Speaker’s _,, 


Strangers’ _,, 


Mean per plate in Gallery 


Experiments. 

















ey 8-4 60°7 86°7 
14:0 19°5 €0°5 40-4 
23°2 113 45°8 56°8 
25°4 6°6 41°8 50°7 
28°4. 10°4 73°7 71:6 
ds av 11°2 56°5 62°2 
27° oo 69:2 66°38 
115 8:3 67°3 80°1 

8:5 11:2 65°9 85°9 
16-0 9°5 81:2 76-4 
18°0 10:2 90°6 68:4 
14:5 11:0 1140 — 

— 13°0 116°0 92°5 
16:0 10°3 86:3 18:3 














Roof :— 
Roof ot 12°8 47°6 74:0 
Downcasts 17:0 8-0 67°2 TAT. 
Mean per plate in Roof 13°3 10°4 OTA 74:3 
* Omitting plate on Ministerial Box in Experiments II. and IV. 
3.—Average Number of Bacteria per Plate. 
Experiments. 





Kqualising Chamber 


Floor :— 
*Table and Chair = , 
Ministerial Benches above Gangway 


9? ae, 99 below bb) 
Opposition _,, above é 
99 99 below 9 


Mean per plate on Floor 


Galleries :— 
Members’ Gallery, Ministerial side 


i ) Opposition _,, 
Peers’ 3 baa Nas 
Press " 

Ladies’ as 
Speaker’s _,, 


Strangers’ _,, 
Mean per plate in Gallery 
Roof :— 
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Mean per plate in Roof 
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A-6 70 | 550 | 656 
92 | 168 | 530 | 330 
173 | 100 | 40:8 | 46-9 
185 50 | 348 | 43-9 
29:9 89 | 6&3 | 583 
145 9-5 | 49-9 | Mog 
190 7-5-1) gi) ae 
75 65. | 563 Sheers 
4-5 91 | 596 | 661 
125° | 75 | 736 | 57d 
1455 62 | 79.0 | 49-7 
10°5 9.0 | 1045 ey) 
—- | 110 | 1040 | eRe 
11-4 81 | 767 | 58% 
51 80 | 393 | 555 
125 60 | 577 | 605 
8:8 70 | 485 | 580 





* Omitting plate on Ministerial Box in Experiments II.and IV. 
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| ' Experiments. 
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Floor :— 
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Ministerial Benches above gangway 48 Ait TD TA 
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Press Ss 3D 2°0 86 19-0 
Ladies’ ts 3°D 4:0 11°6 18-7 
Speaker’s _,, 4-0 2°0 9°5 — 
Strangers’ ,, -— 2°0 12:0 23°5 
Mean per plate in Gallery 45 2-2 95 £9 7 
Roof :— 
Roof 8:3 18°5 
Downcasts 9°5 14:2 
Mean per plate in Roof 89 | 16°3 











SECTION IV. SUBSECTION 5. 


The results of the bacteriological investigation lead to the following 
conclusions :— 


1. The chief particulate pollution to which the air of the Debating 
Chamber is subjected is derived from the presence of Members themselves, 
and is in part derived from their boots and in part from their mouths and 
upper respiratory passages. 


2. The result of the examination of air passing out of the Debating 
Chamber indicates that, during Debates, the air of the Chamber receives 
more pollution, that is to say, a larger number of adventitious particles, 
from material derived from Members’ mouths and upper respiratory 
passages than from material brought in upon their boots. 


3. The results of the experiments made with B. prodigiosus as index 
of infection confirm No. 1 of the preceding conclusions as to the two chief 
sources from which the air of the Debating Chamber is liable to be con- 
taminated, and while emphasising the liability of the air of the Chamber 
to derive adventitious particles by either of these two channels, undoubtedly 
also support conclusion No. 2 that the liability from material derived 
a the mouth and upper respiratory passages is the greater liability of 
the two. 


4. The result of the experiments made to determine the value of the 
ventilation* for removing from the air of the Debating Chamber 


* The air supply has been approximately doubled since these experiments. 
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particulate matter disseminated in the breath, showed that, so far 
from removing this particulate matter, the ventilation merely dispersed 
it over a wider area inside the Chamber than had been the case in a 
preceding experiment in which the ventilation was not in action. 


5. The result of the examination of the significance of micro-organisms 
recovered from the air of the Debating Chamber serves to emphasise the 
advisability of excluding as far as possible pollution of the air of the 
Chamber by material brought in upon Members’ boots. The chief 
spot where air entering the Chamber is polluted from this cause is 
below the Centre Gangway, between the Bar and the Lobby door under 
the Clock; but contamination from the same source also occurs, though in 
less degree, under the side Gangways and under the Centre Gangway 
behind the Speaker’s Chair. 


6. Air entering the north chamber of the inlet by the Terrace is liable 
to pollution with particulate material derived from the boots of persons 
walking over the grating above the inlet in question. 
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PLANS ILLUSTRATING THE RESULT OF THE SPEAKING EXPERIMENTS IN THE 
DEBATING CHAMBER WITH THE VENTILATION OFF, AND ON, RESPECTIVELY. 
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PLATES I.-IV. 


Speaking experiments in the Debating Chamber with B. prodigiosus 
as index of infection. 


Isochromatic photographs of the plates after being incubated for three 


days at 22° C. The crimson colonies of B. prodigiosus show up blacker 
than the colonies of other micro-organisms present. 


PLATE T. 


SPEAKING EXPERIMENT.—VENTILATION OFF. 
(Experiment 2, pp. 68-71.) 


Fic. 1—Of the 84 colonies present in the top plate, 83 were colonies of 
B. prodigiosus. This plate had been exposed on the Minis- 
terial box. Of the lower pair of plates, one showing four 
colonies of B. prodigiosus had been exposed on the Table in- 
front of the Clerk’s seat; the other plate, showing one 
colony of the index micro-organism, had been exposed on 
an arm of the Speaker’s Chair. 


Fic. 2.—Plates exposed on the Government Benches above the Gang- 


way, and infected with B. prodigiosus. 
Fic, 3.—Ditto below the Gangway. 
Fic. 4.—Infected plates, Opposition Benches above the Gangway. 


Fic. 5.—Ditto below the Gangway. 


Prare I. 











Pate II. 
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PLATE IT. 


(Same Eaperiment, Ventilation Off—cont.) 


Fic. 6.—Infected plates that had been exposed in the Members’, Peers’, 
and Strangers’ Galleries during the speaking. 


Fic. 7.—Infected plates exposed in the Ladies’. and Speaker’s Galleries. 


Fig. 8—Infected plates exposed in the roof above the ceiling. 


D4: 


PLATETIT: 


SPEAKING EXPERIMENT.—VENTILATION ON. 
(Eaperiment 4, pp. 71-75.) 


Fic. 9.—The plate in the upper left corner showed 1,384 colonies of 
B. prodigiosus. It had been exposed on the Ministerial box 
immediately in front of the person who spoke. The plate 
in the upper right corner had been exposed on the Table 
between the brackets for the Mace; it had 18 colonies of 
B. prodigiosus. The plate in the lower left corner had 
been exposed on the box on the Opposition side of the 
Table, and showed nine colonies of B. prodigiosus. The 
plate in the lower right-hand corner had been exposed on 
the front Opposition Bench facing the box, and showed 
three colonies of B. prodigiosus. 


Fic. 10.—Infected plates from Government Benches above the 
Gangway. 


Fic. 11.—Ditto below the Gangway. 
Fic. 12—Infected plates from Opposition Benches above the Gangway. 


Fig. 13.—Ditto below the Gangway. 


Piate III, 











Prate IV. 





PL Lil Ve 


(Same Experiment, Ventilation On—cont.). 


Pies. 14a and 14b show the infected plates from the Members’, Peers’, 
Reporters’, and Strangers’ Galleries. 


Fic. 15.—Shows the infected plates from the Ladies’ Gallery and from 
above the ceiling. 
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PLATES V. ann VI. 


PARTICULATE MATTER DISSEMINATED FROM MEMBERS’ Boorts. 


Photographs of agar plates exposed in the airway between inlet on the 
Terrace and floor of the Debating Chamber on two occasions when the 
House was sitting. The plates were photographed after 48 hours’ incuba- 
tion at 22° C. 


PLATE V. 


Fic. 16.—Plates exposed on May 11, 1904, from 6.30 to 7.30 p.m. 


The three plates in the top row were exposed respectively 
under the Bar, under the middle of the Centre Gangway, 
and under the portion of it behind the Speaker’s Chair. — 


The second row was exposed in the Battery Chamber under 
these three points. 


The third row, in the cotton-wool filter under the same points. 


The fourth row of plates was exposed at the same time at the 
inlet. 


The number of colonies is seen to be less in plates in the 
cotton-wool filter than in plates at the inlet. 


The increased incidence on plates at each end of the Equalis- 
ing Chamber is derived from Members’ boots. This 
increase penetrates to 17 feet below the level of the floor of 
the Debating Chamber; to the Battery Chamber under the 
Bar. 


Two colonies of B. mycoides are present in the plate in the 
Equalising Chamber under the Bar; one in the plate in the 
Battery Chamber under this point; and one in a plate at 
the inlet. 


Fic. 17.—Plates exposed on similar spots, excluding the inlet plates, on 
May 10, from 3.40 to 4.40 p.m. The same increased 
bacterial incidence is seen under the Bar and under the 
Centre Gangway behind the Chair. 


One colony of B. mycoides is seen in the plate exposed in 
the Equalising Chamber under the Bar. 


Pirate V. 






Bar. Middle. Chair. 


Equalising Chamber. 


Battery Chamber. 


Cotton Wool Filter. 


Bar. Middle. Chair. 


Equalising Chamber. 


\ Battery Chamber. 


Cotton Wool Filter. 














Puate VI. 





Fig. 19 
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PLATE. Vi. 


The three plates shown in the top row of the last figure more highly 
magnified. They had been exposed in the Equalising Chamber. 


Fic. 18.— Under the Bar. A total of 917 colonies was counted with the 
magnifying glass. The branching colony of B. mycoides is 
obvious. 


Fic. 19—Under the middle of the Centre Gangway—15 colonies 
counted. 


_ Fic. 20.—Under the Centre Gangway behind the Speaker’s Chair 
—154 colonies counted. 
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PLATE VIL. 


Salivary streptococci recovered from air passing out of the Debating 
Chamber during debates. _ 


Fics. 1, 2, and 3 show specimens of Streptococcus brevis, Fic. 4 of 
Streptococcus medius, and Fics. 5 and 6 of Streptococcus 
longus. 


The microphotographs represent subcultures of these micro-organisms 
after 48 hours growth in broth at 37° C., and the magnitication in all cases 
is 500 diameters. 


BiG, i 


BiG. 





‘ 


¢* 


Fic. 4. 


Fic. 3. 








6. 


Fic. 


HiGgto: 
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SECTION IV. 





(B.) THE CHEMICAL REPORT. 





RESULTS OF A CHEMICAL INVESTIGATION OF THE AIR SUPPLIED TO 
THE DEBATING CHAMBER OF THE HovusE oF Commons, BY W. H. 
Hurtey, D.Sc. 


The observations herein described were made between May 2 and 
August 12, 1904, on occasions when the House was sitting. During this 
period an investigation was made in the first place of the air passing into 
and out of the Debating Chamber; secondly, some index experiments were 
carried out with the object of obtaining definite evidence for or against two 
particular sources suspected of contaminating the air supplied to the 
Debating Chamber; thirdly, some samples of dust and mud were examined. 


I. Tue RzSULTS OF THE CHEMICAL INVESTIGATION OF THE AIR. 


Air passing from the inlet on the Terrace to the Debating Chamber has 
been examined as regards the following constituents :— 


Oxygen. 

Ozone. 

Carbon dioxide. 

Ammonia. 

Nitrogenous organic matter. 
Nitric and nitrous acids. 
Sulphuric acid. 
Sulphuretted hydrogen. 


Air passing out of the Debating Chamber during Debates has also 
been examined with regard to oxygen and carbon dioxide. 


The results obtained were as follows :— 


OO, ace Brie ge hate 


1. Oxygen. 


In fresh air the oxygen only undergoes small variation in amount— 
from 20°9 to 21 per cent. by volume; in town air the variation is greater— 
it may fall to 20°8 per cent.; in inhabited rooms it has been observed to 
fall to 20'4 per cent.; and in very exceptional circumstances to 20:1 per 
cent. The former of these two values (20°4) was found by Angus Smith in 
the gallery of a theatre. In the present experiments the oxygen was 
determined by a Hempel burette and pipette, using phosphorus as the 
absorbent, and only those experiments were accepted in which the tempera- 
ture of the water in the apparatus remained constant during the whole 
experiment. ; 


Eleven Tests at the Inlet—all made on different days and at different 
hours, from 3 p.m. to 11 p.m.—never gave less than 21 per cent. by volume 
of oxygen, and on June Ist, at 11 p.m., the maximum value of 21°4 per 
cent. was obtained. This very high value was in all probability accounted 
for by the very heavy rain which had fallen in the earlier part of the day. 


Eight Tests of the Mixed Downcast Air at the Level of the Basement— 
all made on different days, but at hours when the greatest diminution in 
oxygen was to be expected, namely, at the adjournment for dinner 
(7.30 p.m.), and immediately before leaving (11 to 11.15 p.m.)—gave the 
same minimum of 20°8 per cent. by volume of oxygen on five occasions, and 
21 per cent. to 21:1 per cent. on the other three occasions. I do not think 
_ the whole of this diminution of oxygen (0°2 per cent.) is due to vitiation of 
the air, although no doubt a part of it is; a slight error would be introduced 
in the reading of the apparatus by the high temperature of the downcast, 
which was never below 19° C., and on one occasion as high as 23° C., while 
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the apparatus was correct at 15°C. In any case the diminution 1n oxygen 
is quite insufficient toehave any injurious effect, for no such effect was 
observed even in a prolonged stay in the downcast. 


Three tests were made in the Equalising Chamber, and these gave the 
same results as experiments made as nearly at the same time as possible 
at the inlet. 


Experiments were also made to determine whether the scrim cloth 
effected any change in the percentage of oxygen owing to the fact that 
nitrogen diffuses more rapidly than oxygen. Two similar pieces of 
apparatus were used, one on each side of the scrim cloth, and the determina- 
tions were made as nearly simultaneously as possible, but exactly the same 
percentage of oxygen was obtained on each side of the scrim cloth. The 
experiment was repeated on another day with the same result. 


Finally, it was thought possible that the spray, which is used to 
increase the humidity of the air when the difference between the wet and 
dry-bulb hygrometers exceeds 10° F., might increase the oxygen on account 
of its smaller partial pressure in the air than the nitrogen. Accordingly, 
three determinations were made, one before the spray was started and two 
after the spray had been working for some time. All three experiments 
gave exactly the same result, namely, 21 per cent. by volume of oxygen. 


In regard to oxygen, therefore, the air supplied to the House is quite 
normal, and even the downcast air is scarcely appreciably deficient in 
oxygen. 


2. Ozone. 


It is well known that the ordinary re-agents for ozone are acted upon 
oy certain other compounds of which nitrous acid and hydrogen peroxide 
are, at any rate, occasional constituents of the atmosphere. Tests were 
made as follows :— 

With strips of paper impregnated— 

(1) With starch and potassium iodide. 

(2) With neutral litmus and pure potassium iodide. This paper is 
coloured blue at once by air containing 3,755, of its weight 
of ozone, and slightly blue by from “0002 to ‘0003 milligrams 
of ozone. (N.B.— 0002 mgm. = 0000031 grains.) 

(3) With Wurster’s re-agent—tetramethyl paraphenylene diamine— 
which also gives a blue colour with ozone and is bleached by 
excess. This is a very delicate re-agent. 


The complete series of results is given in the table. At the beginning 
of the experiment strips of the papers, precisely similar to those used in 
the test, were put in a tightly stoppered bottle for comparison after the 
experiment. The papers were never exposed for less than two hours, nor 


for more than three hours, and they were suspended from glass rods by 
platinum wires. 

















Table. 
Time at le : 
Date, | beginning of Starch and Potassium Litmus and Potassium hi 
a Hix periment Iodide. Todide, Waurster’s re-agent, 
p-m. 

May 16 7.0 Blue: ris ace], BAe Be .-- | Bleached. 

» i 4.20 No change . | No change ... Sisk Do. 

ern 9.30 Do. is ... | Blue No change. 

ss 24 3.10 Faintly blue ... Red ... ix Blue. 

wee 6.15 No change No change ... No change. 
June 1 vp Do. Blue Bleached. 

LG. 26 6.45 Do. WE «:; ae Do. 

, 7 4.0 Do. No change ... No change. 

2 5 3.30 Blue Red... ‘ Bleached. 

os 8.0 No change Déiaets Faintly blue. 

Pad 3h 8.0 Do. 0 hee Lleached. 
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To understand the table it is necessary to bear in mind that— 
Paper 1 is coloured blue by ozone, nitrous acid, or by hydrogen 


peroxide. 


Paper 2 is coloured blue by ozone, or by hydrogen peroxide; also that 


the air supplied to the House is always acid. This was 
shown by suspending simultaneously with the other paper 
strips of blue litmus paper, which were reddened every time. 
Hence, if the amount of acid in the air was more than 
sufficient to neutralise the alkali liberated by the ozone or 
hydrogen peroxide, this paper would be reddened. 


Paper 3 is coloured blue by ozone or by hydrogen peroxide and 


bleached by excess of either. 


We must conclude, therefore, from these results, that either ozone or 


hydrogen peroxide was present on all but two occasions. To throw light on 
this question these further experiments were made :— 


(1) Arnold and Mentzel have shown that a solution of tetramethyl- 


paradiamidodiphenylmethane in methyl alcohol gives a violet 
colouration with ozone, a yellow with nitrous acid, and no 
colour at all with hydrogen peroxide. This test was, there- 
fore, employed to test for ozone, in addition to the previous 
re-agents, but it never gave any indication of ozone. 


(2) Ozone was actually made in the inlet by passing a fairly rapid 


current of oxygen from a cylinder of compressed oxygen 
through a small Siemens ozone apparatus, worked by an 
induction coil. When the arrangement was working on the 
Terrace side of the steps in the inlet, ozone could be detected 
at the end of the inlet by the door which opens from the 
basement below the Central Hall, but it could not be detected 
beyond the scrim cloth, or at the entrance to the cotton-wool 
filter. When the apparatus. was working by the door just 
mentioned, ozone could be detected in front of the fan and 
immediately behind the fan, and there was more ozone in the 
former place than in the latter. With the apparatus working 
immediately in front of the scrim cloth, ozone was detected 
with some difficulty beyond the scrim cloth. No smell of 
ozone ever reached the Equalising Chamber. For remarks 
on delicacy of sense of smell, see below. 


These experiments show that it is unlikely that ozone ever enters the 


inlet, and that if it were to do so it would be destroyed before reaching the 
Equalising Chamber. That hydrogen peroxide is present was shown by 
the fact that water through which air has been aspirated in the inlet, and 
also rain-water which was collected at the House, each turned Wurster’s 


re-agent strongly blue. 


3. Carbon Diowide. 


The results have been summarised in the following table :— 








No. 


10 <4 SI oC mes SOS) | RD. 











Gallery. . 





| Volumes of CO,| Excess of CO, 
Locality. Date. Time. te dk 0 Be hi A 
of Air, (roughly). 
p.m. 
June 28 3.90 42 a 
July 27 5.00) aD —~ 
Over ceiling of Debating Chamber,} Aug. 5 7.10 4-2 "2 
Over ceiling of Debating Chamber,| July 26 10.15 5°6 16 
Chair end. 
Downcast Shaft 2, shutter level ...| June 27 10.0 6:7 . 27 
Mixed air of downcasts at shutter Bree 10.0 54 14 
Mixed air of downcasts at base-| July 27 ashy 50 iy) 
ment level. 
A downcast shaft from Strangers’| Aug. 4 5.15 39 ! -— 
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Other determinations were made, but the above include the maximum 
and minimum values. 

The figures show that the air admitted at the inlet had the normal 
value for town air (4 volumes), and that in no part of the Debating Chamber 
was there any accumulation of carbon dioxide that could be regarded as 
in the least serious—the highest value obtained being 6°7 volumes. These 
results are most satisfactory; but it should be added that being summer the 
windows were open in many of the tests. 


4. Ammonia and Nitrogenous Organic Matter. 


The method adopted was that of aspirating air through two narrow 
wash-bottles, one containing carefully prepared ammonia-free water 
(100 c.c.), and the other containing dilute sulphuric acid. The same 
amount of the same water and acid was put into a well-stoppered bottle 
at the beginning of the experiment, and the aérated water and the com- 
parison water were always examined together on the day following the 
experiment. They were distilled with the addition of freshly-ignited 
sodium carbonate, and then with ammonia-free and freshly boiled alkaline 
permanganate in an apparatus in which ammonia-free water had been 
boiled till it was absolutely free from ammonia. The time occupied in 
aspirating the quantities of air given in the table was never less than 
two and a half hours nor more than four hours. In the first four deter- 
minations the air was aspirated by carefully graduated aspirators, in the 
remainder by a water-pump which we were able, through the kindness of 
Mr. Patey, to fix on the inner spray, and a meter which Dr. Gordon had 
an specially tested for these experiments. The results are given in the 
table. : 


Free and Albuminoid Ammonia collected from Air by passing the Air 
through Wash-bottles. 


—— 




















| | Ammonia in 1,000 Litres, 
Date. | Hour of Starting. | Volume of Air. | ‘Temperature. |—— ST er ee 
| Free. Albuminoid. 
| wes eee 
| p.m. Litres. Degrees (C). Grs. Grs. 
May 9* sae 6.45 63 — 0: Trace 
pane Li rl 6.50 104 — 00096 0 
el GF ea 4,50 103 17 00024 | 0 
omgesi as 9.30 98 13 0-001 ~ 0-0051 
a Sina ae 6.15 100 ‘c 0 5g 
June 7 oi 3.30 200 16 0:0025  —-0:0025 
WAS te 9.0 12:5 13 000384 = 0.0058 
seo nee 7.10 210 17-5 “00033 > 000242 
July 13 Re 7.20 180 2 00056 0 
145 i 6.35 212 Dp 20°5 0-0066- 00026; - 











* On these days the outer spray was working. 
+ On this day heavy rain had fallen. 

There are no results available for comparison, as there is no standard 
method of estimating atmospheric ammonia, and its amount appears to be 
very variable. These results are correct for the apparatus used; but in all 
probability some ammonia escaped absorption and some nitrogenous. 
organic matter would not be decomposed by alkaline permangate. 

Ammonia and its salts cannot be regarded as injurious, but the substances 
from which the albuminoid ammonia arises may be injurious; for instance, 
some bacteria would, no doubt, be arrested in the wash-bottles and if 
humerous would, on decomposition by boiling with alkaline permangate, 
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yield albuminoid ammonia. Any process, therefore, which reduces. the 
amount of these substances in the air supplied to the House would be well 
worth adopting. Such a process is found in the spray, which, however, is 
only at present used when the difference between the wet and dry bulb 
thermometers is 10° F. or more; it is then used to increase the humidity of 
the air—but it really purifies the air very considerably. To show this, two 
chemically clean bottles were washed out with the water from the spray 
pipes. One was filled at once with the unsprayed water, and the other 
was placed with a funnel in its neck on the floor to catch the spray. The 
two samples were examined on the next day for free and albuminoid 
ammonia exactly as described above. To test the effect of fineness of the 
spray the bottle was placed in such a position on June 20th, that it was 
filled in half the time it had taken to fill on June 13th. 


Effect of Spray. 
Outer Spray. Parts in 100,000 Parts of Water. 

















—— ; Free Ammonia, Albuminoid Ammonia. 
June 13th— 
Unsprayed waiter ... aie Me 1 00025 | 001025 
‘Sprayed water... asa ary sd, 0-0140 © 0:01825 
June 20th— 
Unsprayed water ... A; as bit 00025 000750 
Sprayed water... 3 tale ou 00050 0-01313 
June 28th. Bottle placed half time in each 
position) — 
Unsprayed water «.. bas Wk at 00006 000625 
Sprayed water... 2) ith A 0-0105 001200 
Inner spray. (Bottle placed where finest 
‘spray appeared to fall)— 
Unsprayed water ... at ee “pe 00000 0-0056 
Sprayed water... as i Ms 0°0220 001100 





Over one-third of the air taken into the House enters the inlet by the 
middle chamber of the inlet, and in that chamber only is there a spray; so 
that when this spray alone is working, about a third of the air is purified. 
When the inner spray is working, on the other hand, all the air is washed; 
now this inner spray delivers on an average 1°66 litres of water per minute, 
that is, very nearly 100 litres per hour. The experiment on August 4th 
showed that 300 c.c. of sprayed water collected in 3 hours 0000066 ers. of 
ammonia, or 100 litres would collect in 3 hours 0°022 ers. of ammonia when 
the bottle was placed where the spray appeared to be finest. Hence about 
three times as much water is used in the inner spray as is required for 
washing the air with a really fine spray.* 


5. Nitrous Acid. 


This was found in the water collected from the spray. On July 19th 
nitrous acid was found both in the sprayed and unsprayed water, but more 
in the former than in the latter; the amount was so small that it was not 
estimated. In August 4th the amount was so noticeable that it was 
estimated :— . | 

1000,000 parts of sprayed water gave 0°03 parts of nitrogen as 
nitrite. 3 


6. Nitric Acid. 


This was only estimated in rain-water. On J uly 25th I arrived at the 
House soon after a heavy fall of rain had commenced. A bottle with a 








* In the Recess, 1904-05, these sprays were replaced by a washing screen furnished 
with a battery of fine sprays. The screen in qnestion was designed by Mr. Rivers, 
Whief Engineer to H.M. Office of Works. From tests to be described later, this screen 
would appear to remove some 60 per cent. of the bacteria from the incoming air. 
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large funnel in its neck was placed in the open and left about an hour, when 
the water collected was transferred to another bottle, and the original 
was placed at eight o’clock on the lawn at the south end of the Houses and 
left there till the adjournment. The first sample gave in 100,000 parts— 


Free ammonia... (2: 3 Lt 0°35 parts. 
Albuminoid ammonia eg ve os 472s 
Nitric ay on iit §.. a. Trace: 
Sulphate %» 


The second sample gave in 100,000 parts— 
Nitrogen as nitrie¢ acid ... gs ... 0825 parts. 


This is a very high value for nitric acid, but the explanation is obvious. 
A fine lightning display accompanied the rain, and nitric acid is always: 
formed during electric discharges in air. . 


7. Sulphuric Acid and Sulphuretted Hydrogen. 


The aspirating arrangement used for ammonia was used for this deter- 
mination. The wash-bottles were thoroughly cleaned with pure water and: 
each bottle contained 100 c.c. of pure water for the experiment. The test 
was made on June Ist, again on the 6th, and again on the 13th. On all 
three occasions a trace only of sulphuric acid was obtained, no sulphuretted 
hydrogen, and no hydrochloric acid. The amounts of air taken were 
respectively 127°5 litres, 111 litres, 150 litres. Sulphuretted hydrogen was 
also tested for by means of lead acetate papers suspended at the same time 
as the ozone papers, with the following results :— 


May 16th, May 17th, June 8th, slight darkening, showing a trace 
ot sulphuretted hydrogen. ! 


May 18th, May 24th, May 31st, June Ist, June 6th, June 7th, 
June 13th, June 20th, no change at all. 


SUMMARY. 


By way of summarising the preceding results it may be said— 


(a) That the essential constituent of the atmosphere—oxygen—was. 
always present in normal amount. | 


(6) That the amount of air passing through the Debating Chamber was. 
sufficient to prevent any noticeable accumulation of the gaseous products- 
of respiration. This is proved by the results of the determinations of 
oxygen and carbon dioxide in air extracted from the Debating Chamber. 
But this statement is not to be taken as implying that the air is admitted’ 
in the best possible way. 


(c) That certain substances are present which in appreciable amount 
would certainly be injurious, but they are present in such minute quantities: 
that they probably produce no effect on any normal human being, with the: 
exception only of the nitrogenous organic matter which may conceivably 
contain pathogenic micro-organisms. 


(dz) That evidence has been found to show that when the air passing to- 
the Debating Chamber is subjected to the action of a fine spray of water 
injurious or potentially injurious constituents ‘undergo ' considerable- 
diminution. With an efficient system of spraying these constituents could’ 
no doubt be reduced still further. | | 7 


(e} That these experiments were made at the most favourable time of 
the whole year, when there are no fogs, and the amount of coal and gas- 
consumed is at its minimum. 
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II. Dust, InpEx ExPERIMENTS, &c. 


Dust from the Floor of the House and from the Scrim Cloth. 


At the very beginning of these experiments papers were placed beneath 
the floor of the House to collect some of the dust which falls through into 
the Equalising Chamber; it was intended to ascertain what percentage of 
the dust was of organic origin, but owing to the large amount of fibre from 
the matting on the floor of the House which came through as dust, this 
intention had to be abandoned. Much of the dust collected must 
have been brought into the House on the boots of Members walking 
in from the streets. With the object of obtaining chemical evidence 
to establish this beyond all possibility of doubt, dust of a definite 
kind, namely, lithium carbonate, was put down in known positions 
outside the House, and papers were extended beneath the floor to 
catch the dust which fell through; the papers, two in number and over- 
lapping were about six square feet in area, and they were placed at 
the Bar end of the Equalising Chamber. On August 8th the dust was put 
down in New Palace Yard at 1 o'clock, and the deposit upon the papers was 
collected till half-past 10. The next day dust was put a little nearer the 
House, and the papers were left till the adjournment of the House. On 
neither of these occasions could a trace of lithium be found; but it trans- 
pired that on the second occasion a scavenger had swept up the 
dust within an hour of its being put down. On August 10th the dust was 
put down in the Star Court and not swept up; or at all events not so 
promptly. The papers were again left till the adjournment of the House. 
Examination of the dust next day showed abundance of lithium. The 
experiment was repeated, and with the same result. 


Through the kindness of Mr. Patey I received the dust which was 
extracted from the scrim cloth by the vacuum cleaner when the cloth was 
taken down first after the lithium carbonate experiments. Here again a 
quantitative determination of the organic matter was intended, but owing 
to the obvious presence of fibre from the cloth no meaning could be attached 
to such a determination. The dust was therefore submitted to a very 
careful qualitative analysis. It contained— 


Water 493 per cent. (Loss of weight on drying for three hours 
at 110°.) 


Organic matter 544 per cent. (Loss of weight on ignition after 
removal of water.) 

Ammonia, aluminium, iron, silica, calcium, nickel, sodium, 
potassium, lithium. 


Four of these constituents are particularly interesting. 


The Organic Matter —This is very large in amount, but unfortunately 
it is impossible to say how much of it arises from the material of the 
scrim cloth—some must come from the air. 


a 


Ammonia.—This must come from the air. 


It has been shown that these constituents are present in the air, and 
we must conclude that the scrim cloth takes up some of them from the air. 
The scrim cloth is of service therefore. 


_Lithium.—This cannot have fallen on to the scrim cloth from the 
floor of the House. The only likely explanation of its presence is that the 
vacuum cleaner was employed to clean the matting from the floor of the 
House before it was put on to the scrim cloth and that dust from the former 
must have remained in the apparatus and have become mixed with the 
dust from the latter. This shows that although no lithium was put down 
after Thursday, August 11th, the matting must have retained lithium t\}) 
it was taken up for cleaning on the Saturday morning. 
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Nickel.—The presence of this element shows that the dust extracted by 
the vacuum cleaner does not all come from the object cleaned, for there 
could be no nickel on the scrim cloth. The nickel must come from the 
vacuum cleaner, and also a part of the iron. It is safe to say that the 
vacuum cleaner is nickel-plated. 


Leakage of Air into the Debating Chamber from Vaults in the Basement. 


There is. a passage known as the Commons pipe vault running parallel 
to the cotton-wool filter, and situated vertically below the Government side 
of the Debating Chamber. This passage conveys.a number of steam pipes 
which pierce the vaulting of the passage to pass to part of the Battery 
Chamber immediately above. The passage also conveys air from the 
engine rooms and basement under the Central Hall to the Clock 
Tower furnace. The air in the Commons pipe vault has a high tempera- 
ture, is very dry (42 per cent. humidity), and has a curious “ stuffy ” smell. 
It was thought that this smell could be recognised in the air of the Equalis- 
ing Chamber, and that therefore a leak existed somewhere by means of 
which the air from the engine rooms and basement gained access to the 
air passing to the Debating Chamber. The ceiling of the Commons pipe 
vault showed leaks. | 


A determination of the oxygen and carbon dioxide, however, proved 
the air of the Commons’ pipe vault to be quite normal in respect of these 
gases; and when applied to some cracks in the vaulting of the Commons 
pipe vault the anemometer showed a current from the Battery Chamber 
downwards into the vault below. 


Under these circumstances it was decided to make use of the delicacy 
of the sense of smell to establish the existence or non-existence of a leakage 
of air into the airway to the Debating Chamber. Bertholot has shown that 
a quantity of icodoform so small as 0:000,000,000,000,01 gramme can be 
detected by the human sense of smell, while a quantity of musk so small as 
0'000,000,000,000,000,01 gramme can be detected by the same: subjective 
sense. The most delicate chemical tests are therefore very crude as com- 
pared with the delicacy of the sense of smell, since the most delicate test 
is that for sodium by the spectroscope, which will show less than 
0'000,000,000,03 gramme, and next to this is the spectroscopic test for 
lithium, which will reveal 0°000,000,001 gramme. 


The experiments were made immediately on the adjournment of the 
House for dinner. On August 8th an alcoholic solution of benzaldehyde, 
which has a very pleasant and easily detected odour of almonds, was 
sprayed in the Commons pipe vault at spots where it was thought the odour 
might reach the holes in the ceiling and pass into the Battery Chamber and 
be detected ; but the result of this test was negative both in the Battery and 
Equalising Chambers. 


On the following day the strongest ammonia was sprayed in the same 
place for half an hour during the adjournment; but no smell of it reached 
the Battery Chamber, nor were azolithmin papers, which were placed in 
the Battery Chamber, and left there the whole time, affected. 


On the third day, sulphuretted hydrogen was generated in the 
Commons pipe vault at the same time; but no smell of it reached the ’ 
Battery Chamber, nor were lead acetate papers which were placed there, 
and left the whole time during which the test was being made, affected. — 


Later on in the same evening, however, the flask in which the hydrogen 
sulphide had been generated was washed out by an attendant at a sink 
in a part of the basement nearer the input fan; and about the same time 
there was a complaint in the Debating Chamber of an offensive smell such 
as could well have been produced by inleakage of the gas into the airway. 
This accidental circumstance led to further investigation, with the result 
that inleakage of basement air into the airway was established at several 
points between the fan and the inlet. Subsequently measures were taken 
to reduce this inleakage as much as possible. : | . 
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Mud of the River alongside the Terrace. 


As the river mud is exposed at low tide in the river, it was thought 
advisable to examine this for organic matter. On two occasions some mud 
was taken up opposite the inlet. It was filtered and dried for a day at 
100° to 110° C.; a weighed quantity was taken and ignited, when a gas was 
given off which re-acted strongly alkaline to azolithmin paper. The loss of 
weight showed the dried mud to contain 15.3 per cent. organic matter. 
The fresh mud had an odour of putrefying organic matter. No'doubt on a 
hot day traces of ammonia and other gaseous products of decay of 
organic matter reach the House from this source, 
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SECTION IV. 





(C.) PHYSICAL OBSERVATIONS OF THE ATR SUPPLIED TO 
THE DEBATING CHAMBER DURING 1904. 





(1) Temperature of the air. 
(2) Humidity of the air. 


(3) An observation of the number of dust particles contained in air 
supplied to the Debating Chamber; the effect thereon of passing 
the air through the scrim-cloth screen; and some remarks about 
te prey system of ventilation, by John Aitken, Esq., LL.D., 

RS. 


(1) TEMPERATURE OF THE AIR. 


In this country the temperature of the air in a room well ventilated and 
warmed should not fall below 59° F.; it should not be allowed to rise above 
65° F., and the temperature aimed at should be 62° F. 


When the House of Commons is sitting, the temperature of the air in 
the Debating Chamber is carefully observed and regulated by the ventilation 
staff; the readings of numerous thermometers distributed throughout the 
airway from the Terrace, over the gratings in the Equalising Chamber, and 
different parts of the Debating Chamber itself, being taken and recorded 
with commendable diligence and regularity. 


Mr. Patey has furnished figures showing the mean temperature 
of the air in the Equalising Chamber on occasions when this inquiry 
was in progress. The mean of 31 daily observations shows that the tempera- 
ture of the air passing into the Debating Chamber was 63° F. This figure 
corresponds with the observations occasionally made independently with 
a standardised thermometer in the Equalising Chamber, and it shows that 
the air supplied to the Debating Chamber is quite satisfactory as regards 
temperature. 


(2) Humipiry oF THE AIR. 


The most agreeable amount of humidity to most healthy people is when 
the relative humidity of the air is between 70 and 80 per cent.* In a room 
well ventilated and warmed, the humidity ought to range between 73 and 
75 per cent.t 


Observations of the relative humidity of the air supplied to the Debat- 
ing Chamber have been made throughout the inquiry. While the House is 
sitting, readings are taken by the ventilation staff from‘a dry and wet bulb 
hygrometer fixed on the wall at the end of the Equalising Chamber under 
the Speaker’s Chair. Mr. Patey supplied a copy of the mean of the 
readings from this instrument on occasions when the inquiry was in 
progress. In addition to these observations, it has been a routine practice, 
on occasions when the inquiry was in progress, to take observations of the 
humidity of the fresh air entering the airway from the inlet on the Terrace. 

The readings shown by the hygrometers at each of these two portions 
of the airway, respectively, are seen in the accompanying tables, in which 
the relative humidity of the air implied by these readings is also given.t 


— 





* Parke’s Hygiene, 7th edition, edited by de Chaumont, p. 389. 
+ Wilson’s Hygiene, 8th edition, p. 152. { Glaisher’s Tables. 
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Hygrometer Readings in the Airway near the Inlet. 



































| Hygrometer. Humidity of the 
Day. Hour. Air (Glaisher), Ss 
Dry Bulb. | Wet Bulb. |Saturation=100. 
p-m. 
May 2 8.30 51 47 74 
gels) 8.7 D3 AT 64 
sod: | B15 57 49 57 
aoe) 8.50 53 48 69 
fe 4.45 5S 48 69 
ee 7.40 56 52 75 
weenG 7.55 65 59 68 
Fee Whi ad 60 49 46 
reais 10.30 5D 49 65 
was | 4 66 59 64 
ol 4 60 56 76 
Jnne Il 11 ays) bl 75 
ms 4 10 58 53 71 Mean of the 29 observations: 
ee 9.30 53 48 69 Dry bulb, 59. 
ee ake 10.30 54 48 64 Wet bulb, 54. 
Fla at BL 60 58 88 = 71 per cent. humidity. 
enioit 1d 60 56 88 
3 a fh 11 62 59 82 
ree) ©).t5 61 oo 67 
aitoe 10 to 11 61 54. 62 
LAN er 4 | 10 to 11 61 56 72 
lo oes 10 to 11 66 4 56 
6/29 10 to 11 64 54. D1 
July 4 teas 65 58 63 
rary 5 65 62 83 
eer 7 65 59 68 
We Te 8.30 68 62 68 
OLS 11 62 57 12 
Lg 6 66 59 64 

















Mean of Hygrometer Readings in the Equalising Chamber. 





























| Hygrometer. Humidity of the 
Day. Hour. Air (Glaisher), —— 
Dry Bulb. | Wet Bulb. |Saturation=100. 
p.m. 

May 2 2 to 8.50. 62 57 72 

- a 2 to 4.19 61 54 62 

a 4 ‘2 to 3.50 61 53 58 

a 9 2 to 10.30 62 53 54 

Puy tid (6 2 to 4.40 62 56 67 

Be ual 2 to 7.50 62 54 58 

fee 2 to 8.30 62 54 58 

Li .2-to. 6.50 62 56 67 ‘ 

Pern 2 to 11.15 60 52 58 Mean of the 31 observations: 
= eS 2 to.3.00 61 58 82 Dry bulb, 63. 
June 1 ke a I es 62 58 (a Wet bulb, 56. 
$ 6 2 to 9.15 #2 ab 62 = 63 per cent. humidity. 
a 7 2 to 10.30 61 54 62 

; 8 2. to 11.10 61 ay) 67 

helo 2 to 11.15 6L 57 vi 

Mery it: 240 11.10 63 59 17 

fa 1) 8) 2 to 10.30 62 57 72 

Ae OD pte, 11.0 63 a7 67 

ata ook 2 to 11.30 62 55 62 

nee 2 to 10.0 63 aL 67 

ieee | 206 £1.30 62 D5 62 

eh Ree 2 to 11.0 62 5D 62 

pee 2 to 11.0 64 57 63 
July 4 2 to 11.10 63 D6 63 

- 7 2 to 11.0 65 61 78 

ar es 2 t0- LL.O 67 a9 60 

Ore ND 2 to 11.30 67 62 73 

ACH 2 to 11.40 65 60 60 

crest 2 to 6.0 68 60 60 

see 2 to 11.0 67 62 73 

44 B28 2 to 10.0 67 61 68 














* The Westminster Meteorological Station reading at 6 p.m. this day was:—Dry Bulb, 62; wet, 50 = 
humidity of 44 per cent. 
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The mean of the hygrometrical readings at the Inlet and Equalising 
Chamber respectively, the relative humidity of the air implied by these 
readings, ae the capacity of the air at the two parts of the airway for 
absorbing moisture, are as follows :— 


; Vapour 
: i, & ey erence Rélative required to 
Position of the Air. Number of remajenie saturate a 
Observations, |---| Hunwidity. Cubic Foot 
Dry Bulb. Wet Bulb. of the Air. 





Per cent. Grains. 


Near inlet bs. = on 29 59 54. 71 16 
Kntering the Debating Chamber 31 63 56 63... Q°4 


These figures prove that under the conditions existing in 1904 the 
raising of the temperature of the fresh air was effected at the expense of 
its relative humidity. The conclusion drawn from these data was that the 
air supplied to the bebating Chamber was too dry; its capacity for absorb- 
ing moisture being raised from 1°6 to 2°4, in fact, increased by 50 per cent. 


Owing to the erection of a washing screen at the inlet during the fol- 
lowing recess, the conditions under which these results were obtained have 
been considerably modified. It may be added that the observations made 
later by Mr. Lempfert were made after the erection of the washing screen. 


MEMORANDUM ON THE VENTILATION OF THE House or COMMONS, BY JOHN 
AITKEN, LL.D., F.R.S. 


Boing some remarks made after visiting and examining the ventilating 
arrangements in the House, and testing the number of -dust particles 
in the air, and some criticisms of the evidence given before the Select 
Committee on House of Commons (Ventilation), and printed 25th 
June and 28th July 1908. g Wa 

Dust Particles in the Atmosphere. 

The Air Inlet. 

Position of the Fan. 

Airways. 

Cotton-wool Filter. 

Mr. Shone’s Coke Tower. 

Heating Arrangement. 

Ventilation of Debating Chamber. 

Purification of the Air. 

Heating and Cooling the Air of the Chamber. 


Dust Particles. 


The inspection was made on the forenoon of the 25th August, 1904. As 
the House was not sitting at the time, a proper examination of the dust in 
the air could not be made, but the ventilating fan was put in action, and 
such tests as were possible under the conditions, were made. 


The situation of the inlet on the Terrace was first examined, and the air 
in front of it tested for the number of dust particles it contained. The air 
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here was found to be pure for city air; the numbers varying from 20,000 to 
35,000, particles per cubic centimetre, with an average of 29,000 per c.c. 
The air in the passage to the fan was then tested, and found to have the 
same degree of impurity. After passing the fan and through the scrim 
cloth the air was again tested, but, so far as could be judged, the scrim cloth 
had little or no effect on the number of particles. At any rate, the 
improvement was not sufficient to show in tests made in a short time; 
the numbers varying so much and so rapidly at the entrance of the inlet, 
that a very large series of simultaneous observations would be necessary 
at the entrance and behind the screen, before any definite conclusion could 
be arrived at. 


While the dust-counter showed hardly any purifying effect from the 
scrim cloth, yet it is not necessary to conclude that it had no effect. It 
seems highly probable that while the screen can have but little effect on the 
very minute particles, yet it will stop some of the larger ones; and as the 
number of large ones is very small compared with the microscopic ones, 
' the detention of some of these large ones can hardly be expected to show in 
the total numbers. 


I regret the cotton-wool had been removed from its screen; it was not, 
therefore, possible to test the effect of the cotton-wool in reducing the 
number of particles in the House.* 


The test showed that the number of dust particles in the Debating 
Chamber was slightly greater than that observed in the air passage below it. 
But as the fan had not been long in action, and windows were open, the tests 
are of no value. 


The air in the Commons’ Court was next examined, and was found to be 
more dusty than the air on the Terrace, the average being 50,000 particles 
per c.c. The air in the Star Court gave a slightly higher number, being 
59,000 per c.c 


It would be rash to come to any general conclusion as to the amount of 
dust in the air in these places from these few tests, as they only show what 
the numbers were under the conditions existing on the day the tests were 
made. With other conditions they will certainly be different absolutely, and 
probably also relatively. I may here remark that the numbers here given 
are small for the air of London. From some observations J made in the 
beginning of June, 1889, on the air of London,t J find the number of 
particles in the air in Victoria Street was twice as great as any of the above 
numbers, and on the same date the air tested on the banks of the Thames, 
and coming from Battersea Park, with a strong westerly wind, was not as 
pure as that obtained on the Terrace, as the numbers in the air coming 
from Battersea Park varied from 48,000 to 84,000 per c.c. It will be as 
well to remember that the higher numbers recorded in 1889 were obtained 
at a season when more fires are likely to be burning, and also that the 
lower numbers obtained this year may in part be due to the observations 
having been made during a wet period, as we know that rain has a great 
influence in reducing the amount of dust in the air. 


The Avr Inlet. 


A good many questions were asked by the Select Committee as to the 
suitability of the present position of the air inlet. Some seemed to be 
content with the present position; some recommended it should be 20 feet 
higher, whilst others wished the air to be drawn from the top of one of the 
towers. Taking the last recommendation first, anyone looking from a high 


* The effect of the cotton wool filter was examined at a later date, when it was found 
to remove 83 per cent. of the dust particles from the air. 
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pesition in a town can easily see that smoke tends to rise from all elevations. 
The air over a town is. necessarily hotter than that of the surrounding 
country, and this hot city air tends to rise, and so produces an indraught 
of air irom all round, the indraught being modified by the wind blowing at 
the time. Now, as the incoming air is cooler, it comes towards the city at a 
lower level than the heated air which is passing upwards and away with the 
wind. There, therefore, does not seem to be much chance of getting the 
purest air high up. 


I fear there are but few dust observations available for answering the 
question as to how far, and to what amount, the city air ascends, but there 
seems to be but little doubt that it will rise to very great heights. In some 
observations* made above the top platform of the Eiffel Tower in Paris in 
1889, before the structure was completed, I found the city air very much in 
evidence at that elevation, which is nearly 1,000 feet. The observations 
were taken over a period of more than three hours, and the number of dust 
particles varied greatly from time to time, going as high as over 100,000 
particles per c.c. Other readings gave.over 50,000, and down to 3,000 per 
c.c.; while during a very heavy rainfall, which seems to have brought down 
the purer upper air, so very low a number as 226 per c.c. was observed. 
The average number was 34,000 per c.c. The observations previously 
referred to, made in Victoria Street, in 1889, were made outside a window 
very high up, and on that occasion all the readings gave over 100,000 per c.c. 


There does not, therefore, seem to be much use in looking for pure air 
high up over towns, and we seem to be compelled to look for it in some 
convenient open space low down to which the cool air coming from the 
country has freest access with most directions of wind. 


It way be as well to state that caution is necessary in drawing con- 
clusions from dust readings. It must be remembered that these readings 
give the number of the particles, and have nothing to do with the weight of 
the dust, which is a very different thing. It seems probable that the higher 
we go in the atmosphere the fewer will be the large particles and bacteria, 
as these tend to settle through the lower atmosphere to the ground, if there 
be little or no wind. As, however, the very small particles are principally | 
the result of combustion, their number may be taken as an index of the 
carbonic acid, and other impurities in the air. 


The next question is, supposing the air is to be drawn in low down, 
how low ought the opening to be? Some of those examined wish the 
opening left as it is, while some would put it 20 or more feet higher. To my 
mind the present arrangement is not the best, and I think it would be an 
improvement if the opening were higher.+ 


Position of Fan. 


The present position of the input fan is not ideally perfect. It 
is placed at some distance from the inlet, and as a result all the air- 
passage from the inlet to the fan is under a negative pressure. One effect 
of this will be that there will be a tendency to draw air into this part of the 
passage from any place from which it can get it, such as the substructures, 
&c., a result which evidently might lead to contamination. Further, there 
are doors in this passage on the suction side of the fan, which, unless quite 
tight, would allow air to be drawn in from other sub-passages which ought 








* Proceedings, Royal Society, Edinburgh, 1890. 
} The effect of raising the inlet a few feet was tried in 1905, but had to be abandoned 
for reasons described later (p. 143). 
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to be avoided. If possible the fan ought to be placed close to the inlet, so 
that all airways shall be under positive pressure. * 


Airways. 


At present a great deal of the energy of the fan is lost, owing to the 
unsuitability of the present airway. It has far too many corners and 
variations in its sectional area, and the result is the stream lines of the air 
will be very much broken by eddies, which cause a waste of power. 


Cotton-wool Filter. 


Some of those examined seemed to think there was a danger of the 
cotton-wool filter making the air more germ-laden than when it entered 
the filter, in the same way as some water filters do, by the filter becoming a 
breeding ground for the bacteria. This question does not come within my 
province, but any bacteriologist. can tell whether bacteria can grow and 
multiply in dry cotton-wool. One would have thought that so long as the 
wool was dry, or covered with the greasy, tarry mess deposited from fogs, 
that the growth and multiplication would be impossible of any bacteria that 
could grow and multiply in the human body. 


Mr. Shone’s Coke Tower. 


Mr. Shone proposes to get rid of the dust and impurities in the air 
entering the Debating Chamber by means of an arrangement similar to the 
“scrubber” used in gasworks.’ A little consideration will show that no 
argument can be drawn from the action of the “scrubber ” to the applica- 
tion of the same apparatus to the purification of air. In the “scrubber ” the 
ammonia is removed from the gas by the affinity which the ammonia has for 
water, which condenses it; while dust has no affinity for water, but rather 
the other way; it is repelled if any evaporation is taking place or if the 
water is hotter than the dusty air. It therefore does not seem probable that 
the “scrubber” would have much effect on dusty or foggy air. 


Heating Arrangements. 


Dr. Shaw, in his evidence regarding the heating apparatus, seems to 
imply that the disagreeable physiological effects of heating by steam radia- 
tors are due to something—infinitesimal, it may be—which is distilled from 
the dust in the air coming in contact with the heating surfaces. The dis- 
agreeable physiological effects of heated air is a very complex subject, 
and it will be as well, in considering this supposed action of the heat on the 
dust, that we keep in mind that no dust ever touches a hot surface. I have 
shown that hot surfaces repel the dust particles in the air,f and the hotter 
the surface the more violently they are repelled, so it does not seem likely 
that anything that can be distilled from the dust can cause much deteriora- 
tion of the air. This may be a small point, but when we are looking for the 
cause of some infinitesimal change in the air of the Debating Chamber, 
it is well to keep in view all the facts of the case so far as they: are known. 
A deposit of dust will no doubt fall on the radiators when they are not work- 
ing, but any bad effect of that deposit will pass away soon after the heating 
is established. 


The question of the responsibility of the radiators for the want of 
freshness in the air of the House can perhaps be answered by those 
acquainted with the House. If the radiators are the cause of the disagree- 
able physiological effects of the air, then this effect ought to be much more 
marked during cold weather, when the radiators are heated to their highest, 





* The structure of the building does not permit of removal of the fan to the inlet. 
- Recommendations for improvement of the iniet airway are included in the Committee’s 
Report. 

7 Trans. Roy. Soc., Edin., Vol. XXXII., Part II, 
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than when only slightly heated, or not used at all. An examination of those | 


familiar with the House might settle this point; if not, experiment would do 
so. So far as my own experience of similar heaters goes, though I cannot 
give them a clean bill, yet I have found that much of the bad effect is not 
directly due to the radiators themselves, but to the radiators being placed 
close to surfaces which, when heated, give off heavy odours. Paint, for 
instance, on a surface near a heater will for long give off a disagreeable 
odour, and many other substances act in a similar manner. 


Dr. Shaw suggests earthenware pipes for the heater. At present there 
does not seem to be sufficient knowledge on the subject to enable us to say 
that hot metals have any deleterious effect on air passing over them, and 
that an earthenware surface would be better. If heated dust be the cause 
of the deterioration of the air, then the substitution of earthenware for metal 
will give no improvement. It would, however, be as well to bear in mind 
that an earthenware system would, in all probability, be very difficult to 
maintain tight. Its own expansions and contractions are very likely to 
bring about its own destruction, or at least cause leakage of joints. In 
connection with this subject, I would suggest that, whatever shape new 
radiators might take, if metal, they might be coated outside with black 
porcelain by the usual process. 


The present heating apparatus does not seem to be satisfactory, for 
two reasons; first, because steam is used, and second, because the heating 
surface is far too limited. When using a steam heater, however little hot 
air may be required, some part of the heater will be raised to a temperature 
of 212°. Now whatever the cause may be, all seem to admit that the less 
highly the air has been heated the less objectionable it feels. Further, by 
using steam when only a little heating is required, a small amount of highly- 
heated air is introduced in a large amount of unheated air, and the mixture 
is imperfect ; and this results in local air currents, the heated air tending to 
rise through the other‘air and up through the floor of the House, causing 
local disturbance of the general circulation. This objection also exists when 
- the radiators are working full power. The very hot air cannot get mixed 
with the rest of the air, and these local currents are intensified. It is for this 
reason that I think the present radiators have not nearly enough surface. 
It is very much better, in every way, to heat a great deal of air only slightly, 
than to heat a little of it highly and then mix; that is to say, it is better 
to heat, say, one-half the air by 20 degrees, to get a general rise of 10 degrees, 
than to heat one-eighth of it 80 degrees to get the same effect. Not only 
do you get a better physiological result, but you also check the tendency 
of the heated air to form a separate circulation by rising quicker at one 
place than at another, and so interfering with the general circulation. 


I do not, however, agree with the conclusion given by Mr. Keith in his 
summary at page 88, in which he states that the present arrangement makes 
the air dryer than any other heating arrangement. Whatever system of 
heating is adopted, so long as no vapour is added, the humidity will be 
determined by the final temperature alone. It does not matter whether a 
small proportion of the air be heated highly or a large proportion only 
slightly, the final humidity will be the same if they have the same final 
temperatures. 


For the reasons above given, it appears to me that the present heaters 
ought to be replaced by others having a very much greater heating surface, 
and that water be used in them in place of steam. As suggested by 
Dr. Shaw, the water may be heated with steam, but this may not be neces- 


sary, as the usual boiler arrangement may perhaps be conveniently applied. | 


The boiler arrangement has the advantage of having a large body of water 
which keeps the temperature steadier. On the other hand, if steam be used 
for heating the water, the temperature of the heaters is more under control, 
and more easily raised or lowered as required. Steadiness of temperature 
can also be attained by steam heating if a large body of water be connected 
with the heater.* | 





* The heating apparatus criticised by Dr Aitken has since been removed and replaced 
by a more modern type of radiator, 7 
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Debating Chamber. 


Coming now to the ventilation of the Debating Chamber, there seem 
to be two quite distinct schools of ventilation—the one advocating a 
downward circulation with a plenum system, the other an upward circula- 
tion either with a plenum system or without it. Both of these schools are 
equally confident that their plan is the best, and there is doubtless much to 
be said for both of the systems. As regards draughts, there seems to be a 
consensus of opinion that the downward circulation is the best. At first 
sight, one might think it was all one whether the air circulated upwards or 
downwards, that there ought to be the same draughts whether the air 
went upwards or downwards, but on closer examination it will be seen 
that there are good grounds for the claim, because the draughts to which 
objections are made are worst in front of inlet openings than in front of 
outlets. In downward circulation the inlets are high up above the heads 
of the people in the room, while with upward circulation the inlets are 
near the feet of the occupants of the room. The reason why the inlets 
give rise to worse currents than outlets is easily seen when we draw the 
stream lines of the air in the two cases. 


UPWARD CIRCULATION. DOWNWARD CIRCULATION. 


Z ; 
Earp. SS mY \\ 
ot ae INLET. EN : 


OUTLET. 


ieee ee et 


Ys, me Vp - 


/ 





me LEVALLON.—— ELEVATION. 


INLET OUTLET. 


== PLAN. ONS 


The inlet air rushes straight out from the opening and keeps in a 
fairly compact body till it loses its velocity, as it spreads over the 
-room. That is, the inlet air moves in a narrow channel and carries its 
velocity well into the room. Now look at the outlet current. It approaches 
the opening from both sides, from front and from above. The sectional 
area of the current increases very rapidly, and the velocity therefore 
diminishes very rapidly with the distance from the opening, and at a very 
short distance from it no draught is felt. The inlet should thus be at 
some distance from the occupants of the room. 


, If we examine the downward system of circulation further, we find it 
very unsatisfactory in many respects. If we were cold-blooded animals 
it would suit us very well as our breath would be cool, and the upward 

- tendency of the vapour added to our breath would just about be compen- 

-sated for by the downward tendency of the carbonic acid added to it, and 

_ bacteria would be readily carried away by the downward current. But for 
hot-blooded beings the downward circulation system acts in direct opposi- 
tion to the natural circulation produced by the warm, moist breath and hot 
air rising from our bodies. These all tend upwards, and are fighting with 

‘a downward circulation, and, as a result, we cannot hope for anything but 

-a mixed circulation under the conditions. 


Mr. Key, who is one of the advocates of the downward circulation, 
examined by the Select Committee, says, at page 67, that he does not 


24080 dys 


116 


ventilate smoking-rooms or kitchens by downward, but by upward circula- 
tion. One can’easily see that downward circulation would be useless in a 
kitchen, where the badly-smelling airs come from the highly-heated range, 
and their upward tendency would be too strong for the downward circula- 
tion. But a smoking-room is just as favourably circumstanced as an 
ordinary room for the downward circulation. The little increase in the 
temperature due to the burning of the tobacco is too small to have any 
appreciable effect on the temperature of the air from the lungs of the 
smokers. One cannot help thinking why Mr. Key applies the system to 
ordinary rooms, but not to smoking-rooms, is that in the one case there is 
nothing to show that the system 1s not working, while in the other the 
smoke persists in showing an absence of general downward circulation. 
Mr. Key’s explanation of the failure of the system in smoking-rooms is 
difficult to understand; it looks like an attempt to obscure vision. He 
says: “In smoke every particle is a heat unit, and inclined to rise.” Now, 
if that means anything, then each smoke particle contains enough heat 
to raise the temperature of a certain quantity of water through one degree. 
If this be so, even though it be only the smaller unit, then a smoking-room 
is a vast untapped source of energy, capable of driving a good-sized mill 
or ship. So far as one can see, this smoking-room evidence is very 
condemnatory of the downward system of ventilation. 


On the other hand, the upward system of ventilation, though 1n many 
ways the preferable of the two, is not without its disadvantages, the 
principal of which is the difficulty of introducing sufficient air at low level 
without giving rise to draughts. In some respects the present arrange- 
ments of the ventilation of the Debating Chamber are very good. The 
Debating Chamber and the Equalising Chamber beneath it are practically 
one, the Members of the House being supported at some height above what 
is the true floor of the House, and one would imagine there should be no 
difficulty in keeping ‘the Chamber free from draughts and yet well venti- 
lated. The idea of the designer seems to have been to treat Equalising and 
Debating Chambers as one, and to allow perfectly free circulation from the 
lower part of room to the upper through the floor, and one cannot help 
thinking that if his ideas were perfectly carried out, there could not 
possibly be any draughts sufficient to inconvenience anyone caused by the 
air coming through what is generally called the floor of the House. If 
I understand the idea of the designer correctly, the whole staging which 
carries the benches should be as open as possible.* Further, the air in the 
Equalising Chamber must be all at the same temperature. Now, one 
cannot help thinking that it is here that will be found the cause of some of 
the draughts in the House. | 


I think the designer’s idea would be more perfectly carried out if the 
airs, that is, the hot and cold airs, were mixed before arriving at the 
Equalising Chamber, and by doing so a better result would be attained. It 
is very evident the hot and cold airs cannot be mixed in the Equalising 
Chamber without giving rise to draughts in the House. We must keep in 
mind that by the construction of the building the Debating Chamber and 
the Equalising Chamber are practically one. Remove, in imagination, 
the open screen which supports the benches in the House, and which really 
obstructs the vision more than it obstructs the passage of the air, and think 
of the two chambers which, without the screen, will be seen to form one 
which is badly arranged for ventilation. The air coming from the 
radiators into the Equalising Chamber, that is, into the space below the 
seats, tends to rush upwards and do little to heat the Chamber. The screen 
forming the floor checks this upward rush, but cannot entirely effect proper 


mixing, nor check the local up-currents which will penetrate the opening: 
in the floor. | 


The introduction of much larger heating apparatus will do a great 
deal to check the formation and velocity of these rising currents by making 








pa Wig Reid’s book on Ventilation shows that Dr. Aitken’s view is quite correct in this 
matter. Dr Reid had a “ Mixing Chamber” also. ‘ 
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the air in the Equalising Chamber more nearly of one temperature. But 
I think an effort should be made to get the air well mixed, and all of one 
temperature, before it arrives at the Equalising Chamber, and admit it 
there with as low a velocity as possible. In fact, treat the Equalising 
Chamber as part of the Debating Chamber, which it really is. 


This may seem to be a departure from the original idea of the designer 
of the building, but it is easy to see that if the floor of the Chamber is to 
be kept open as designed by him, that the mixing of hot and cold air cannot 
be done underneath it without causing local currents. It seems desirable 
that the whole floor of the House be kept as open as possible. Any closing 
up of one part only increases draughts at another. 


Another objection which may be made to the present system of ventila- 
tion is that part of the incoming air comes in over the feet of the Members, 
and part through carpets. These certainly are not ideal conditions. Air 
coming through woollen material is apt to have a stuffy odour communi- 
cated to it. To correct this, two ideas suggest themselves. Try effect of 
carpets made of some material which does not give a disagreeable odour. 
If this cannot be obtained, then place under the carpets some material 
which will check all flow of air through them. As very little air comes 
through carpets this would have very little effect on the ventilation. Al] 
carpets should be reduced to as limited an area as possible, so as to leave the 
circulation through the floor as free as possible. If it were possible, the 
Chamber would be better ventilated if there were no carpets, but as some- 
thing must be put down to reduce the noise produced by the Members’ feet 
when moving, perhaps something better than carpets can be obtained. 


The bacteria brought in on the feet of the Members present some 
objectionable points with the present circulation. The bacteria will get 
rubbed off the boots along with other dust, and some of it will be apt to 
rise with the upward circulation. But if the floor of the House is kept 
very open the upward rate of flow will be slow, the tendency of the bacteria 
to rise will be slight, and the more open the floor the less will the risks 
be from this cause. Many of the bacteria, and much of the dust, will fall 
to the floor of the Equalising Chamber, where they can do little harm, much 
less than they can in an ordinary room, as they need never be stirred up, 
and can easily be removed by vacuum cleaning or by wet cloths. The 
extent to which bacteria can be raised from the floor by the current can 
easily be made the subject of investigation. : 


Dr. Shaw suggests that some means should be adopted for carrying 
away the air coming down from the windows during cold weather, as it. 
will interfere with the general circulation, and bring the upper air down 
again to the breathing level. This seems to be a very desirable object, 
because though this down current over the cold glass does little or no. 
harm in an ordinary room, yet in one ventilated like the Debating Chamber, 
and, indeed, in all large halls, its effects are bad. I have shown that cold 
currents flowing down the inside of windows in ordinary rooms falls to the 
floor, flows towards the fireplaces, and goes up the chimney.* In ordinary 
rooms this cold current may have a beneficial effect, as it draws away the 
impure air from near the ceiling and takes it out of the room, so reducing 
the depth of the impure stratum of air near the ceiling, thus preventing 
it coming down to the breathing level. which it is apt to do when gas or 
lamps are used for lighting. 

There are two ways of treating this down current in the Debating 
Chamber. One is the plan suggested by Dr. Shaw, to place air openings 
below the windows connected with an airway through which the air could 
be extracted. The other way of treating it would be to prevent the 
current forming. This can be done by placing a heating apparatus just 
below the window, which would set up an up-current of hot air sufficient 
to check the cooling effect of the window. Which of these plans should be 
adopted will depend on whether the structure admits most easily of the 
construction of an air passage sufficiently large, and with convenient 





* Proceedings Royal Society, Vol. 50. 
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means of connecting with outflow, or of the admission of a pipe to bring 
in either steam or hot water, the latter by preference, as steam heaters are 
apt to be noisy if not carefully constructed. 


Purification of the Air. 


It might be as well, when testing different ways of purifying air, that 
some electrical methods be tried for general purification, and especially for 
fogs. Electricity at a high potential might be discharged into the air to 
electrify the particles, and the air afterwards passed through screens of 
wire cloth, to which the dust would be attracted and adhere. These 
screens might either be electrified oppositely to the electrification of the 
dust, or they might be simply connected to earth. Provision would require 
to be made for removing the dust from the screens, either by removing 
the screens and brushing, them, or by keeping jets of water playing on 
them. 


Heating and Cooling the Air in the Debating Chamber. 


On a previous page I have pointed out some objections to the present 
method of heating the air in the House; and the advantages to be derived 
from having the hot and cold airs mixed before they arrive at the Equalis- 
ing Chamber. On further consideration of this subject, I think this can 
be easily accomplished by heating and mixing the airs in one operation. 
To accomplish this some such plan as the following could be adopted. 


Pass the whole air through an air passage fitted with hot water pipes, - 


that is, with pipes extending from floor to ceiling, and from side to side. 
In this way the air passing through the screen of pipes would be only 
heated slightly above the required temperature, and it would be thoroughly 
mixed with the air that had not come in contact with the pipes by the 
eddies formed behind the pipes. In this manner the whole incoming air 
would have one temperature before it arrived at the Equalising Chamber, 
which I have shown would in all probability be a great improvement over 
the present plan of mixing the hot and cold airs in that Chamber, where 
they give rise to the formation of local currents which rise through the 
floor of the Debating Chamber. 
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Section. Plan. 


The above sketch roughly indicates the idea I propose. A is a section 
of the air in passage. B is the inlet for hot water, and C outlet. 
DDD are the vertical heating pipes extending from top to bottom and from 
side to side of the airway. The air would be made to pass through a series 
of these screens as shown in plan. The hot water pipes might be placed 
vertically or horizontally, and might be sloped towards the incoming air to 
check any tendency of the hot air to rise. One objection to this arrange- 
ment of heating is that it would slightly retard the flow of the air, but a little 
increase in fan power would overcome this. When heating is being done, 





—-— 


this energy would be well spent, but would be lost if no heating were going . 


on. This loss might be avoided by having a bye-passage to be used when 
pipes were not in use, but that hardly seems necessary. 
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An arrangement of pipes, such as above described, might be used in 
summer for cooling the air by supplying it with iced water in place of hot 
water. | | 


As it would be necessary to get into the spaces between the screens of 
piping for cleaning and for repairs, a door between each set of pipes would 
require to be provided as indicated by EE on plan, or if the airway was wide 
enough, some of the pipes could be removed from the end of each set, and 
in their place doors fitted as shown by dotted lines FFF in plan. This would 
give a straight passage through the heating chamber when the doors were 
open. The construction of the substructures of the House will determine 
which of these plans is the best under the circumstances. 


(Signed) JOHN AITKEN. 


Bacterio- 
logically. 


Chemi- 
cally. 


Physically. 


Bacterio- 
logically. 
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SECTION V. 





SUMMARY OF THE MAIN RESULTS OF THE INQUIRY. UP 
TO THIS POINT. 





The results of observations of the quality of the air described in the 
preceding pages may be condensed as follows. 


(A).—Aztr entering the inlet. 


A series of bacteriological observations of air entering the inlet showed 
that rainfall had a distinct influence on the abundance, or otherwise, of 
bacteria of all sorts to be obtained from it; the number of bacteria deposited 
by the incoming air being diminished in wet weather. No evidence was 
obtained of the presence in air entering the inlet of particulate matter 
derived from the human mouth. It was found, however, that air entering 
at the north inlet was liable to be polluted by material of intestinal origin— 
probably horse-manure—derived from the boots of persons walking over the - 
grating on the Terrace fixed above the inlet in question. With this excep- 
tion, the air at the inlet showed exceedingly little evidence of being charged 
with particulate impurity of a kind at present recognised as liable to be 
associated with matter that can convey disease. 


Dr. Hurtley made a very thorough chemical examination of the air 
entering the inlet and has fully dealt with the results obtained by him. 
He found the air to be normal for town air as regards oxygen and carbon 
dioxide. Ozone was absent, and tests led him to conclude that even were 
small quantities of ozone present in the air at the inlet they would not reach 
the Debating Chamber. For the rest, he found traces of substances that 
in appreciable amount would certainly be injurious, though they were present 
in such small quantities as to be probably harmless to a normal human 
being. The single exception he makes to this statement is with regard to 
organic matter, and he does so on the ground that it may contain pathogenia 
micro-organisms. The bacteriological results here recorded supply the 
requisite information upon this matter. An important observation was made 
by Dr. Hurtley with regard to the purifying action upon the air exercised 
by the fine rainlike spray in occasional use at the inlet for moistening the 
air. 


Dr. Aitken’s observation with regard to the number of dust particles 
in the air at the inlet led him to infer that its quality in this respect was 
good, for the air of a town. 


(B).—Avrr entering the Debating Chamber. 


During debates, the number of bacteria deposited from the air of the 
Equalising Chamber showed a marked increase at certain points corre- 
sponding to gratings in the roof thereof which constitutes the floor of the 
Debating Chamber. The excess of bacteria at these points was due to 
showers of debris falling through the gratings from Members’ boots. The 
increase in the bacterial deposit from this cause was most marked below the 
portion of the centre gangway between the Bar and the Lobby door at that 
end of the Debating Chamber, and, to a less extent, behind the Speaker's 
Chair and below the side gangways. No evidence was forthcoming that 
the air of the Equalising Chamber below the Debating Chamber was con- 
taminated by particulate material from the human mouth. On the other 
hand, the chief pollution found to be brought in on Members’ boots and 
imparted to the air below the floor of the Debating Chamber was particulate 
material of intestinal origin—derived in all probability from horse-manure. 


121 


Air supplied to inhabited rooms in this country should have a tempera- Physically. 
ture of between 60° and 65° F. The average temperature of the air of the 
Equalising Chamber was 68° F., and, therefore, in this respect, the air was 
found to be entirely satisfactory. 


The difference observed between air at the Inlet and Equalising Cham- 
ber respectively as regards capacity for absorbing moisture has been 
advanced elsewhere as a possible explanation of the peculiar difference in 
quality perceived subjectively by Members between fresh air and the air of 
the Debating Chamber. 


(C.)—Air passing out of the Debating Chamber. 


It has been found that when the Debating Chamber is in use, the Racterio- 
number of bacteria deposited from air leaving the Debating Chamber was logically, 
increased as compared with the number obtained from corresponding air 
when the Chamber was empty. The chief bacterial contamination detected 
in air leaving the Debating Chamber during debates was due to the presence 
therein of micro-organisms disseminated from the mouth and upper respira- 
tory passages of persons speaking, coughing, sneezing, &c., within the Debat- 
ing Chamber. 


In the course of the examination of air leaving the Debating Chamber 
bacteriological evidence was also occasionally obtained of the presence 
therein of particulate material of the same class as that brought in from 
the outside upon Members’ boots. 


The chemical evidence showed that, as regards carbon dioxide, air Chemi- 
passing out of the Debating Chamber during debates was remarkably pure cally. 
for air coming from an inhabited room. The proportion of oxygen was ' 
also satisfactory. As regards these two gases therefore the air of the Debat- 
ing Chamber was entirely satisfactory. 


(D.)\—The result of Index-experiments. 


Index-experiments with the harmless but readily recognised micro- 
organism B. prodigiosus were carried out in order to determine the extent 
to which the air of the Debating Chamber is liable to be polluted respec- 
tively by material brought in from the outside on boots, and by material 
sprayed from the human mouth in performance of the act of loud speaking. 
Earth infected with B. prodigiosus and deposited outside the Debating 
Chamber at a point 576 feet from the Bar was found to have been brought 
in upon Members’ boots; it was recovered from air below the Bar. In the 
speaking experiments which were made with the ventilation off and on 
respectively, it was found that so far from removing the particulate con- 
taminating matter sprayed from the mouth in performance of the act of 
loud speaking, the efiect of the ventilation at the time the experiments were 
made was merely to permit distribution of such material over a larger area 
in the Chamber than had been the case in a previous experiment when the 
ventilation was off. The importance of this form of contamination, of the 
presence of which evidence was also constantly obtained when examining 
the air leaving the Debating Chamber during debates, lies in the fact that 
certain infectious diseases are liable to be transmitted as a result of dis- 
semination of their infection in air, notable instances being influenza an¢L 
infectious colds. . 
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PART IL. 


OBSERVATIONS MADE DURING 1905. 
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PART Il. 


SECTION I. 





| PRINCIPAL POINTS STILL REQUIRING INVESTIGATION. 





Three main features of the ventilation remained open for investiga- 
tion during 1905. In the first place, owing to alterations made during the 
Recess of 1904-05, some further observations of the quality of the air were 
hecessary. The most important features of the ventilation, however, still 
to’ be investigated were the quantity of air passed through the system 
‘under the new conditions; and especially the area within the Debating 
Chamber over which the fresh air gt from the Terrace was being 
suptrby ted, 


The places peakilaied by the Debating Chamber system are as 
follows: ps 


1. ‘The Debating Chamber, both floor land galleries. 
. The Division Lobbies. 


3. The Commons Lobby, including the Post Office and. Whips’ 
“Rooms. 


4. The Press Rooms. 


In forming an opinion as to the quantitative efficiency of the present 
system of ventilation, thefirst point to be known is the nature of the air- 
requirements to be met by it. The maximum air-requirement may be 
arrived at roughly by estimating the maximum number of persons present 
in each part of the system under working conditions, and by then allowing 
per head per minute a minimum supply of 50 cubic feet of air. Accord- 
ing to figures supplied to the Committee, the maximum number of persons 
‘present in various parts of. the system UAE the most crowded debate 
may be stated as follows :— ney 


| 1. Debating Chamber and Galleries... .. 465006) 
2. Division Lobbies during most crowded division 650 
3. Commons Lobby, Whips’ Room, ee te att 50. 

' 4. Press Rooms: ... to 4. rT Re 50° 


_ As the Division Lobbies are not in use for a division at the same time 
that.a debate is in progress, the maximum number of persons present in 
various parts of the system under working conditions..may be put at 
1,000... The maximum air-requirements, therefore, .of.the whole system 
would be, according to the estimate, 50,000 cubic feet of air per minute. 
‘Of this amount 45,000 is required for the Depa ung Chamber alone uring 
the most crowded ‘debate. 


In point of fact, however, the number of: persons present ‘in’ various 
parts of the system under ordinary conditions when the House is sitting 
is usually about half this maximum number. 


Now, the present standard allowance of 50 cubic feet of air per head 
per minute 1s by no means a final one; the quantity of air to be provided 
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having continually increased with progress in the art of providing it. 
At one time an allowance of 10 cubic feet of air per head per minute and 
even less was deemed sufficient. It is noteworthy, however, that so long 
ago as 1838, when low standards of ventilation prevailed, Dr. Reid, in a 

aper read before the British Association, protested against them, and 
stated that he never supplied the House of Commons with less than 
30 cubic feet of air per head per minute, and that on occasion he had 
given 60 cubic feet. As Dr. Reid had evidently arrived at these figures . 
from practical experience, they are worthy of the greatest respect. 


The present 50 cubic feet standard was the result of simultaneous 
investigation of the air of inhabited rooms by both the subjective 
sense of smell and the objective carbon dioxide test; and this standard 
of de Chaumont was based on the fact previously related that a 
limit of two parts excess of exhaled carbon dioxide per 10,000 
of air was the usual point at which its pollution from human exhala- 
tions was found to become perceptible to the unfatigued subjective 
sensation.* In some cases—for instance hospitals—an allowance of 
50 cubic feet of air per head per minute has been found insufficient to 
conceal such pollution from the subjective sensation. Having regard, 
therefore, both to the history of ventilation, and also to the nature of the 
basis on which the 50 cubic feet standard rests, it is clear that this standard 
can only be regarded as a provisional one. 


As the real origin of the present 50 cubic feet standard was the’ 
subjective sense of smell, so also the sole limit to the amount of air that 
it is desirable to supply is the subjective sensation of draught. | This 
limit has been experimentally defined, and it has been found that the 
movement of air at a temperature of 55°-65° F. :— 


(1.) At 14 feet per second is felt by none. 


(2) "At 2-25.,, _ » by only a few very sensitive persons. 
(85) OAL: 3 ei lees ¥ 5 by most. 

cs RNa T aaaee a) ee » by all. 

(5:) A Ber a , a distinct draught. 


Since a velocity of 1} feet per second therefore is felt by none, the 
quantity of air that can be supplied without producing complaint of 
draught is limited chiefly by the sectional aréa of the available inlet. 
With an inlet area of 1 square foot per head, 90 cubic feet of air could 
be supplied per minute without producing draught; and 120-180 cubic 
feet could be supplied without the movement of the air being perceptible 
to more than a few very sensitive pérsons. 

It is clear from the above that the 50 cubic feet standard is by no 
means an extravagant test of quantitative efficiency to apply at the present 
day to what is perhaps the most important system of ventilation in the 
United Kingdom. 


_ But in determining how far the present system is capable of fulfilling 
its requirements, information concerning the quantity of air passed 
through alone is not sufficient. Of equal importance is the question of the 
distribution of this air; in other words the effective area of inlet and outlet 
within the system. 





* The standard was calculated according to the formula d = : where d is the quantity 


of air required, ¢ the amount of CO, exhaled, and 7 the limit within which the COz is to be: 
kept. As the value of e is 06 cubic feet per hour, and of 7 0:0002, it follows that 
d = 3,000 cubic feet per hour, or 50 cubic feet per minute. . 


+ Parkes’ Hygiene, 7th edit., p. 183. 
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SECTION II. 





RECENT ALTERATIONS IN THE SYSTEM. 


———— ee 


During the Recess 1904-5 some important alterations were effected in 
the system by which the Debating Chamber is ventilated. These altera- 
tions are as follows :— 


1. The old engine-driven input fan with 6-ft. propeller has been 
discarded and replaced by an electrically-driven fan of the centrifugal or 
enclosed type. This new input fan has been fixed in an adjoining vault 
(as Shown on the plan), whereby considerable simplification of the airway 
on the discharge side of the fan has been effected. The wheel of this fan 
is 8 ft. in diameter, and is belt-driven by an electric motor of 25 Brake 
Horse Power. The control is carried to the Equalising Chamber so as 
to come under the ventilator in charge, and the regulation is so delicate 
that the fan. speed can be raised or lowered by less than one revolution per 
minute; this variation representing an alteration of volume of 300 cubic 
feet of air indrawn per minute by the fan. 


The volume of air moved by the fan at various speeds is fully dealt 
with in the quantity section (Section III). The following table, however, 
illustrates the terms minimum, medium and maximum there used when 
referring to the speed of this input fan :— 

















Cubic Feet of Air | 
Speed. Revolutions of the Fan.| impelled by Fan per | Electrical Horse Power, 
Minute. 
Minimum .... te ett 120 36,000 85 
Medium see ai “or | 150 47,000 16 
Maximum ... cise ae | 190 58,000 25 











It is important to bear in mind that the air impelled by this input 
fan has to supply the Commons Lobby and Division Lobbies as well as 
the Debating Chamber. 


2. Previously, the extraction of vitiated air through the ceiling of the 
Debating Chamber was chiefly brought about by a.coke furnace in the 
Commons Tower, but partly by a coke furnace in the Clock Tower, and 
partly also by gas lights in the ceiling. The gas-light extraction hes 
been retained, but the extraction by the two coke furnaces has been done 
away with, and at the present time the vitiated air is chiefly extracted 
from the Debating Chamber by an electrically-driven fan placed above 
the ceiling of the Commons Lobby. In size and structure the extract fan 
in question is a duplicate of the new input fan in the basement, but owing 
to the resistance on the suction and discharge sides of this extract fan 
being so much less than in the case of the input fan, a far greater volume 
of air is moved by it at the same consumption of energy. The following 
figures if compared with those given in the table for the input fan bring 
out this difference* :— 




















| 
Cubic Feet of Air | 
Speed. Revolutions of the Fan.| extracted by Fan per | Electrical Horse Power, 
Minute, | 
Minimum ... aes es 115 53,000 8-5 
Medium “ie fe te: 140 64,700 16 
Maximum ... Ay ba 165 75,000 25 





* The minimum of the extract fan has recently been lowered so as to bring it into 
harmony with the input fan, . 
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Here also it must be borne in mind that the total volume withdrawn 
by the extract fan includes the air extracted from the Ways and Means 
Corridor and Commons Lobby. The quantity withdrawn by the fan from 
the Debating Chamber alone at these speeds is seen on page 151. 


The speed of the extract fan is controlled by a regulator in the 
Equalising Chamber, as in the case of the input fan. 


3. A washing screen, designed by Mr. Rivers, has been placed at the. 
inlet from the Terrace. The principle and particulars of this screen are 
described by Mr. Rivers in a Memorandum addressed to the First Commis- 
sioner of Works, and published in Appendix No. 4 of the Report of the 
Select Committee on the House of Commons Ventilation, dated July 28th, 
1903. The screen in question consists of a sheet of copper gauze supported 
on framework and fixed vertically across the whole sectional area of each 
of the three inlet Chambers. When the screen is in action the copper 
gauze is kept continually moist by a water spray derived from jets which 
play in front of its outer surface. The mesh of the copper gauze is 20 to 
the linear inch. The area of the screen is altogether 222°7 square feet, 
and when in operation 615 gallons of water are used by it per hour. By 
an automatic arrangement this water passing from the screen is used 
for boiler feed purposes. 


4. At one of its most tortuous parts, the airway in the basement has 
been straightened, as explained in paragraph 1. 


5. Two of the three inlets to the airway from the Terrace have been 
raised by surrounding them with a temporary wooden wall or “ surround.” 


. 6. Mr. Patey has made some alterations in the floor of the Debating 
Chamber under the seats, by means of which the benches, especially the 
back benches, obtain an increased supply of air from the Equalising 
Bee ily These alterations and their effect will be dealt with in detail 
ater. 


7. The old gill-pattern radiators in the Battery Chamber have been. 
replaced by radiators of a more modern type. . 


8. The system of retaining the ventilator (or person in charge of the 
ventilation) continually in the airway has been discontinued, and a 
position found for him behind the cross doors leading to the West Division. 
Lobby. By this arrangement he is able to make frequent periodical visits 
to the parts of the system underneath, and also to observe the number of. 
Members present in the Chamber, and so to make alterations with view 
to meeting, so far as is at present possible, the varying requirements. 
Another advantage of this arrangement is that the whole of the system 
now comes under one control, instead of the responsibility being divided, 
as was formerly the case. 


__. 9. A compressed-air main has been run into the Equalising Chamber: 
and the compressed air applied for the purpose of blowing out dust lodged 
in the perforated risers under the Benches of the Debating Chamber. This 
compressed air has..proved to be most valuable for the purpose of’ 


' removing dust from crevices hitherto inaccessible. : y 


10. The four downcast shafts have been cut off from the ceiling of the 
House, the present extraction of which has been described in No. 2. . 


11. For the efficient cleansing of the whole air-course and Chambers 
below the Debating Chamber, a cold-water supply has been installed 
together with a system of drains. 
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SECTION : III. 





FURTHER OBSERVATIONS RELATING TO THE QUALITY OF 
THE ATR. 


QUALITY SECTION. 





CONTENTS. Page. 
(A) The Temperature and Humidity of the Air during 5g ae to August, 1905, by 
Mr. R. G. K. Lempfert =e mbit cit oN ST ia pid ES: 
(B) The Value of the Washing Screen at the Inlet for removing Bacteria from the 
Indrawn Air, by Dr. Gordon ane 9 are na aes A BI 6s) 
(C) The Value of! the Washing Screen and Cotton-wool Filter, respectively, for 
removing Dust particles from the Incoming Air, &¢., by Dr. Aitken... 141 


(D) The guestion of Leakage of undesirable Air into the Airway, by Dr. Gordon and 
Mr. Patey te ne et ate as ted ge r3 tig 1435 


The quality of the air from the chemical and bacteriological stand- 
points having been examined previously at considerable length, attention 
has, in the present instance, been confined chiefly to the temperature and 
humidity of the air which have been kept under continual observation by 
means of thermographs and hygrographs. The recording instruments in 
question were stationed in the air-courses during May, June, July and 
August of 1905, and were under the constant care of Mr. Lempfert, of the 
Meteorological Office. 


(A.) REPORT ON THE TEMPERATURE AND HUMIDITY OF THE 
AIR, BY MR. LEMPFERT. 


This branch of the inquiry had for its objects: — 


1. To investigate the distribution of temperature in the Equalising 
Chamber. 


2. To determine the effect of the washing screen at the Terrace 
inlet on the temperature and humidity of the air supplied to the Debating 
Chamber. 


3. To examine the changes of temperature and humidity which take 
place in the air during its passage through the Debating Chamber. 


The instruments used consisted of five thermographs by Richard Fréres, 
of Paris, lent by Dr. W. N. Shaw, and five self-recording hair hygrometers 
also by Richard Freres. 


The thermographs were controlled by means of maximum and minimum 
thermometers placed beside them, and read and set once a day. Correc- 
tions were, when necessary, applied to the readings deduced from the 
curves in order to make them agree with those obtained from the eye obser- 
vations. The readings finally adopted may be regarded as correct to within 
1° F.; in most cases the uncertainty of the reading does not exceed 0°5° F. 
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The hygrographs were, in the first instance, standardized by painting 
the hairs with water, and setting to 95 per cent. Their readings were regu- 
larly compared with the values of the humidity determined from readings 
of dry and wet bulb thermometers, and found to agree very closely. By 
applying a suitable correction for each week, it was generally possible to 
make the curve readings agree with the values deduced from the dry and 
wet bulb observations made during that week to within 1 or 2 per cent., if 
only those readings were used for the comparison which were taken while 
the ventilation was “on.” To further guard against errors arising from 
changes of zero, &c., the comparison of the humidity at two places was 
always carried out by means of three hygrographs. Two of these were 
maintained permanently at the two places being compared, while the third 
was placed alternately beside one or other of the two stationary instruments, 
its position being changed every day or every other day. If the readings 
of the “traveller” agree with those of the instrument next to which it is 
placed, it seems justifiable to regard the simultaneous readings of the two 
stationary instruments as comparable. In practice the method was found 
to give satisfactory results. 


It is probable that the values of the humidity finally adopted do oe 
differ from those which would have been obtained from efficiently managed 
dry and wet bulb thermometers by, at most, 3 or 4 per cent. 


All the thermometers used for checking the readings of the self-record- 
ing instruments had either been verified at Kew Observatory or were com- 
pared with instruments so verified by immersion in a water bath. 


The instruments were exposed in the following positions :— 


1. To examine the air before it reached the sprays, a shelf was fixed 
just outside the central air inlet on the Terrace and on this were placed 
a thermograph and a hygrograph with their controlling thermometers. 
These instruments were thus in the main current of air from the Terrace; 
they were protected from rain by a sloping wooden roof fixed over them — 
which protruded a few inches beyond the edge of the shelf. 


2. To determine the change in the temperature of the air produced 
by the spray, a thermograph was placed on a shelf fixed to the wall of the 
alr-way at the point where the old, now disused, fan is. By this means 
the temperature of the air was determined immediately before it passed 
through the fan now in use. 


3. The conditions within the Equalising Chamber were examined by 
means of :— 


(a) A thermograph and a hygrograph placed on a shelf in the central 
passage of the Equalising Chamber. 

(b) A thermograph placed on a bracket fixed to the floor of the 
House vertically over the large circular grating at the Bar 
end of the Equalising Chamber. 

(c) A thermograph placed on a shelf similarly fixed over the corre- 
sponding grating at the Chair end of the Equalising Chamber. - 

A third hygrograph was used as a “ traveller,” and was placed alter- 
nately beside the hygrograph at the inlet and the hYprogtaph 
in the centre of the Equalising Chamber. 


4. To examine the state of the air leaving the Debating Chamber, 
the thermograph from the Chair end of the Equalising Chamber was, on 
June 26th, transferred to a position over the ceiling of the Debating 
Chamber immediately over one of the openings in the sloping part of the 
ceiling, over the Strangers’ Gallery. | 

On July 17th, the thermograph from the Bar end of the Equalising 
Chamber was transferred to a corresponding position at the other end of 
the ceiling of the Debating Chamber, over the Press Gallery. 


The fourth hygrograph was placed beside this thermograph, and the 
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fifth hygrograph was used as a “traveller” between this position and the 
hygrograph in the Equalising Chamber. 


In selecting the positions above the ceiling of the House, care was 
taken to avoid the proximity of local sources of heat such as lamps. The 
instruments were so placed that they were not affected by the gas lights 
above the ceiling, a fact which was established by ascertaining that on 
those occasions when artificial light was required before the adjournment 
for dinner, the records of the instruments betrayed no trace of the turning 
on of the gas. . 


An anemometer, held beside the instruments, gave a reading of about 
100 feet per minute when the fans were working, thus showing that the 
ventilation was amply sufficient to secure satisfactory results. 


The records of all the instruments were tabulated for every second 
hour for the times during which the House was sitting. From the values 
of temperature and percentage humidity thus tabulated, the pressure of 
the aqueous vapour present in the air, and the corresponding wet bulb read- 
ings were computed by means of Glaisher’s Hygrometric Tables for (1) the 
Terrace air, (2) the air in the Equalising Chamber, and (8) the air extracted 
through the ceiling of the House. 


Tue DISTRIBUTION OF TEMPERATURE IN THE EQUALISING CHAMBER. 


Little need be said on this subject. The Equalising Chamber, even 
on the days at the commencement of the Session when artificial heating was 
still required, fulfils its purpose as far as temperature is concerned, as the 
occasions on which the differences of temperature, shown by the three ther- 
mographs placed in it, reached a whole degree were the exception rather 
than the rule, and only on one occasion do the tabulations show a difference 
of more than 2° between the two ends of the Chamber. We may, therefore, 
say that the temperature was, as a rule, uniform throughout the Equalising 
Chamber within the limits of accuracy of the instrumental method. 


When differences of temperature of more than 1° were shown, the ther- 
mograph at the Chair end generally read higher than either of the other 
two. ‘This is probably due to local heating by the steam pipe under the 
Treasury Bench. 


The ventilating staff succeed in maintaining an exceedingly even tem- 
perature in the Equalising Chamber during the portion of the year when 
artificial heating is required. Thus, during the week from Monday, May 
22nd, to Friday, May 26th, the readings within the Equalising Chamber all 
lay between the limits 60° to 64°, whereas the external temperature varied 
between 44° and 64°. | 


When no artificial heating is required, this result is less easily attained, 
but even then, by regulating the speed of the fans, the fluctuations of 
temperature are confined within much narrower limits within doors than 
without. 


THE EFFECT OF THE SPRAYS PLAYING ON THE WIRE GAUZE SCREENS AT 
THE INLET. 


Before proceeding to discuss the effect of this screen, it will be advis- 
able to consider briefly the readings obtained on days when the sprays 
were not in use. The instruction to the ventilating staff is to turn off the 
sprays when the difference between the dry and wet bulb readings in the 
Equalising Chamber falls below 5° F. Confining our attention to days 
on which this was the case throughout the day, we find that the values 
for the pressure of aqueous vapour at the inlet and in the Equalising 
Chamber are the same within the limits of accuracy which the method of 
observation admits of; from which it follows that loss or gain of water, 
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due to absorption by the walls of the airway or to the converse process of 
evaporation, is too small to be taken into account. It was, therefore, 
unnecessary to determine the humidity at other points than at the inlet, 
and in the Equalising Chamber, as the humidity or wet bulb reading could 
be calculated at any intermediate point for which the temperature was 
known. 


On looking through the tabulations, it was found that one effect of 
the sprays was to keep the humidity within the Equalising Chamber up 
to or above 60 per cent., even on occasions when the humidity of the outer 
air was as low as 40 per cent. 


When the humidity without rose to above 70 per cent., the difference 
between the dry and wet bulbs in the Equalising Chamber became less than 
5° at all temperatures, and the sprays were accordingly turned off. A 
few occasions can, however, be found when they were kept on for a short 
time beyond this limit. 


Under conditions of high external humidity, the humidity within the 
Equalising Chamber rose to close on, or slightly above, 80 per cent., and 
even with external humidities between 60 per cent. and 70 per cent., the 
values within doors were generally above 75 per cent. It is a question 
for consideration whether a difference of 5° between the dry and wet bulb 
readings in the Equalising Chamber is the most suitable value to select 
as a limiting one. 


To determine the effect of the sprays under different conditions of 
humidity and temperature of the external air, the tabulated value of 
the temperature, humidity, vapour pressure and wet bulb readings were 
erouped according to the temperature of the external air, the divisions 
selected being from 60° to 64:9°, from 65° to 69°9°, from 70° to 749° and 
from 75° to 80°. The values in each group were further subdivided 
according to the humidity of the external air, the divisions adopted being 
from 40 per cent. to 50 per cent., from 50 per cent. to 60 per cent., from 
60 per cent. to 70 per cent. and above 70 per cent. The mean was then 
taken of all the readings in each sub-group. The results so obtained are 
given in Table A. 


The supplementary Table B. has been prepared from Table A. to 
show the changes in the various elements in a rather more direct manner: 


TABLE A. 


Changes produced by the Water Sprays playing on the Wire Gauze 
Screens at the Air Inlet. 
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TABLE B. 


Changes in the Various Elements produced by the Water Sprays at the 
Inlets under varying conditions. 
































Reduction of Depression of wet Change 
; leah Humi- No, emp. bulb. nent i. whi 
ture Range. Hav - es ae Chamber | humi- | vapour 
Becran, Sapa Vb seach fea crane by. Gabi 
Dc. i : a ; p.cs in. 
75°-80° 60-63 2 46 48 (ae 3°6 —O7* | 18 040 
_ 50-60 9 51 4°9 10°2 og —O0°6* | 15 046 
an 46-50 2 59 6°9 12°6 D0 +0°7 26 099 
70°-74:9° 70-75 4 2°3 0-4. D0 3°9 +0°7 6 036 
60-70 10 ee 24 74 43 +Or4 Bi 047 
“3 50-60 24 4-4 3°3 9°5 48 +14 18 069 
5 40-50 > 4°9 4-0) 12°3 6°6 +17 19 089 
65°-65°9° | 70-75 6 15 —0°3 ol 35 +1°9 7 ‘065 
a 60-70 17 2°8 1:3 69 47 +0°9 10 O44 
: 50-60 15 4-7 3°] 10:0 od +1:2 16 063 
‘f 40-50 14 a” 30 121 Tt +2°0 17 O74 
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* The negative sign signifies that the wet bulb reading was lower in the equalizing chamber than in the 
outer air. 


The variations within the same temperature group of these tables 
suggest that other factors besides the temperature and humidity of the 
outer air must be taken into account when considering the effect of the 
sprays. Variations in the temperature of the water probably play their 
part, but a much more important factor is the rate at which the air is 
passing through the screens. 


The water is detached from the screen in the form of a fine spray 
which is carried down the air-way in sufficient quantity to appreciably 
damp the clothing of an observer stationed in it, even if he take up his 
position near the old fan. Some of the small droplets of spray evaporate, 
others fall to the floor of the air-way, and are there either absorbed or 
drained away. As the speed of the fans is accelerated, the velocity of 
the air is increased, and not only is the total amount of water detached as 
psn increased thereby, but the drops are also carried through a greater 

istance before they settle. An observer standing in the air-way for any 
length of time when the fans are running at a high speed finds a coat 
or mackintosh desirable. 


At high velocities more air is drawn through the air-way, and 
hence more water is required to produce a given effect on the tempera- 
ture and humidity of the air, but, ceteris paribus, it is probable that the 
effectiveness of the screen, considered as a humidifying agent, increases 
with the speed of the fans. 


The speed of the fans is regulated according to the number of Members 
present, and according to the temperature prevailing; but the latter factor 
is the more important of the two. 


As we should expect, the effect of the sprays is greatest under condi- 
tions of high temperature and low humidity, when the fans are probably 
working at high speed. With humidities of between 40 per cent. and 
50 per cent., and temperatures of from 75° to 80° the temperature of the 
air was found to be reduced by 6° by the time it reached the thermograph 
by the old fan, and by 7° in the Equalising Chamber. Under similar 
conditions of humidity, but with temperatures between 60° and 65°, the 
corresponding changes were only 39° and 30°, respectively, but it must 


134 


be borne in mind that under these conditions the fans would be working 
at only a moderate speed. 


At higher humidities the reduction of temperature is, as we should 
expect, less, and as before, it is conspicuously smaller at low temperatures 
than at high ones. With humidities between 60 per cent. and 70 per cent., 
the reduction at the fan is 46° for the temperature group 75° to 80°, and 
only 15° for the group from 60° to 65°. With the highest humidities 
experienced (70 per cent. to 75 per cent.) the reduction of temperature at 
the fan was only 2°3° for the temperature group 70° to 75°, and 1°5° for 
the group 65° to 70°. We have no case of humidity of over 70 per cent. 
in the highest and lowest temperature groups. 


It will be noticed that, in almost all cases, the temperature in the 
Equalising Chamber is slightly higher than in the air-way at the fan. 
This is probably due to the communication of heat to the air, partly from 
the walls of the Equalising and Battery Chambers, but mainly from a 
steam pipe which runs through the centre of the cotton-wool filter, and 
was always maintained at a very high temperature. The difference 
between the readings becomes very conspicuous at low temperatures when 
the fans were running at a minimum, and the air was consequently moving 
slowly. At high temperatures, on the other hand, when the fans were 
running at their maximum, the differences were slight, and in some cases 
the readings in the Equalising Chamber were even lower than those at 
the fan, suggesting that under these circumstances the evaporation of the 
spray was not complete by the time the air reached the fan. It was, in 
fact, noticed on several occasions that drops of water were deposited on 
the face of the watch used when timing the rate of revolution of the fan. ~ 


The changes in the values of the wet bulb readings produced by the 
sprays are not without interest. At high temperatures, the wet bulh 
reading in the Equalising Chamber is practically the same as that at the 
inlet, in spite of the fact that the dry bulb reading is considerably reduced. 
At low temperatures, on the other hand, the wet bulb reading is raised, 
sometimes by as much as 25°, while the dry bulb is affected to a much 
smaller extent,—in some cases it is even higher than the temperature of 
the outer air in consequence of the heating effects mentioned above. 


The columns of Table B. showing the change in the relative humidity 
and in the vapour pressure of the air call for no special comment. The 
latter figures may be taken as approximately proportional to the mass 
of water added to each cubic foot of air; to obtain truly proportional 
values a small correction would have to be applied to allow for changes of 
temperature. | 


An interesting side-light on the efiects of the sprays was thrown by 
the traces of the instruments on two occasions when the water was turned 
off to enable some bacteriological experiments to be carried out in the 
air-way. 


On July 13th the spray was turned off from about 4.15 p.m. to 
5.30 p.m. and the following results were obtained :— 
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Again, on July 26th, the sprays were turned off from about 3.30 p.m. 
till 4.30 p.m., and we have the following values :— 



































Values abstracted from instrumental Values deduced from 
traces. these. 
7 At In Equalisin 4. In Equalising 
Time, Outer Air. Fan, PERE , Cuter Air. Chamber. € Tt 
\V 
Dry | Humi-| Dry Dry | Humi-| Wet oid Wet Peake. 
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Fou p.m, ....| 80°) ot 74. | 75:0 | 74 | €89 | 568 | 69:9 | -646 | Spray on. 

















On both these occasions the humidity in the Equalising Chamber fell 
in the course of a few minutes from the “spray on” to the “spray off” 
value, and then varied but slightly, but the changes shown by the thermo- 
oraph were much slower, owing, presumably, to the loss of heat by the 
air to the walls, &c., of the air passages which had been previously cooled 
by the passage of the air cooled by the sprays. The temperature was still 
rising slowly in the Equalising Chamber when the sprays were turned 
on again. 


On both occasions also the pressure of the aqueous vapour in the 
Equalising Chamber remained above that of the outer air, indicating a 
certain amount of evaporation from the damp walls and floor of the air- 
way. On occasions when the spray was “off” all day the values agreed 
much more closely. 


Summary. 


Before dismissing the question of the water screen, it may be useful 
to summarize its effects on the temperature and humidity of the air. From 
Table B. (p. 133) we find that the maximum reduction in the temperature 
of the air which the screen can bring about amounts to close on 7°. As 
might be expected, this maximum effect occurs when the outer air is both 
warm and dry (temperatures 75° to 80°, humidities 46 to 50 per cent.). As 
temperature falls or humidity increases, the amount of reduction becomes 
less, and under the conditions of lowest temperature (60° to 64°) and 
highest humidity (60 to 70 per cent.) with which we have to deal in this 
report, the temperature in the Equalizing Chamber may be higher than 
that of the outer air by as much as a whole degree. This increase of 
temperature, as we have seen above, must be due to the communication 
of heat to the air during its passage from the fan to the Equalising 
Chamber. At the fan the reduction of temperature was always greater 
than one degree. If we regard external temperatures of from 65° to 75° 
and humidities of from 50 to 60 per cent. as typical of average summer 
conditions, we may say that the air is in general cooled through slightly 
more than 3° in its passage from the Terrace to the Equalising Chamber. 


As regards the question of humidity, we may note in the first instance 
that the screen had the effect of maintaining the relative humidity in the 
Equalising Chamber above 60 per cent. throughout the session. ©The 
greatest increase in the humidity of the air occurred under the same condi- 
tions as the maximum reduction of temperature. Corresponding to a 
change of temperature of 7°, we find.an increase in humidity of 26 per cent. 
Under the average summer conditions referred to above the increase in 
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the humidity amounted to about 17 per cent., while, under the least 
favourable conditions met with, it was only 6 per cent. 


It is interesting to note that at temperatures above 70° and corre- 
sponding humidities above 60 per cent., the wet bulb reading is the same 
in the Equalising Chamber as in the outer air to within a fraction of a 
degree, that is to say, the rise in the wet bulb reading which would be 
produced by the addition of the same amount of water per cubic foot 
at constant temperature is counter-balanced by the fall which would be 
brought about by cooling the air by the amount stated without the addition 
of water. At lower temperatures and greater humidities the wet bulb 
reading may be raised by more than 2°5°. 


THE AIR ABOVE THE CEILING OF THE HOUSE. 


The efficiency of the ventilation, considered from the point of view of 
temperature, can be best estimated from the readings obtained on the 
afternoon of Monday, July 24th, when every part of the Chamber, both 
floor and galleries, was crowded to its utmost capacity. The day was 
a moderately warm summer day, the external temperature varying from 
705° at 2:p.m. to 72° at 6: pm. As°a very large attendance) was 
anticipated, the ventilation was set going early, with the result that when 
the House met at 2 p.m. the normal excess of temperature, which was 
always shown by the thermograph on the ceiling over that in the Equalising 
Chamber was reduced toa minimum. The fans were maintained at a high 
speed up to the hour of adjournment. 


Here are the readings :— 





No. of revolutions of 


ees 
SF . 
Above Ceiling. Fans per minute. 





Outer Air Air-way. In Equali- 

















oe (Terrace). At Fan.  |sing chamber. Over Over 
Strangers’ Press Intake. | Qutput. 
Gallery. Gallery. 
2 p.m. aes 705 67:0 68°5 *69°5 69°5 152 155 
4 p.m. ar 71:0 67°5 69:0 73°0 715 177g 155 
6 p.m. sie 72:0 650 69-0 73°0 72°0 Lig. 155 
Ps UE oy ca oan (15 68 0 69-0 135 72°53 177 155 





“ Reading somewhat doubtful, as the thermograph was only started a few minutes before 2 p.m. 


It appears that at the hour of adjournment (7.30 p.m.) the tempera- 
ture of the escaping air was higher than that of the air supplied to the 
House by 4°5° at the outlet over the Strangers’ Gallery, and by 3°5° at the 
outlet over the Press Gallery. We also see that the temperature rose 
rather more rapidly in the former place than in the latter. Throughout 
the period during which thermographs were maintained at both ends of 
the ceiling, this tendency for the readings over the Strangers’ Gallery to 
be higher than those over the Press Gallery was discernible. The smoke 
tests carried out after the end of the Session showed that the air at the 
back of the Strangers’ Gallery was comparatively stagnant, and hence liable 
to become unduly contaminated when the gallery is well filled, and this may 
account for the differences observed. 


The amount by which the temperature of the air is raised during its 
passage through the Chamber, naturally depends both on the number of 
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Members present and on the rate at which the air is passed through the 
Chamber. In this connexion it is interesting to compare the readings 
obtained on July 25th and 26th with those obtained on August Ist and 2nd. 


—__ 
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Tempera. | Tempera: | T"Azting over bt Sani pov maieatehe 
Date and Hour. onuze of | Equaliz- |__| Members 
(Terraee).| Chamber. | ghtess |Strangere'| PM | yous, | wxtract 
July 2th, 2pm. .. | 755 | 720 | 72 72 so | 152 | 155 
4pm. ...| 757 | 720 | 73- | 74 120 | 152° | 155 
6pm... | 750 | 720 | 74 14 100 | 152 | 155 
7.30pm... | 735 | 720 | 73 14. WO Loe, oe 
hg 151 Cael 71°5 72:0 72°5 72:5 40 Variejd for 
lipm. ..| 695*| 700*| 72 730 | 200 | Ie | 155 
lam. .. | 665 | 690 | 722 | 72 400 | 152 | 155 
July 26th, 2pm. ...| 78 725 | 735 | 78 120 | 160 | 155 
Bimal @9sdod ZG 76 175 | 415 | 160 | 155 
6pm... | 78 7 sll (ube (0 nse ic 4200 | 160 | 155 
7.30pm... | 755 | 735 | 75 76 150.4) 7160. |; 155 
sin ATE a ae TDD 72 74 74 100 Varie d for 
Pips ttn | ye FOG | TL: fey WBS obey TD 10 | eo | 155 
August Ist, 2pm. ... | 68 65 665 | 67 340 | 152 | 147 
Pepa wesw i 68°). |).65 675 | 68 140 | 152 | 147 
6pm. ...:| 685 | 65 67:5 | 69 190 | 152 | 147 
7.30pm... | 65:0 | 64 G8ri. Gea Pe 152 | 147 
Opie! Li 62°5 63 66 | 67:5 40 — _ 
llpm..:.|] 61%. | 63* 678 | 688 | 120 | 152 | 147 
Midnight... | 60 62 685 | 685 | 470 | 152 | 147 
August 2nd,2pm. ... | 69 645 | 665 | 665 riled he se, 
Apm. \..| 685 | 65 675 | 68 120 | 152 | 147 
6pm. ..| 665 | 645 | 670] 68 100 | 152 | 147 
7.30pm... | 645*| 685*| 665 | 67 130 | 152 | 447 
9pm. ... | 62 625 | 655 | 66 90 | 120 | 115 
lipm. ...| 615 |; 615, | 680 | 685 | 316 |. -120 | 115 
Dart 1)... 595 | 61 675 | 67 140 | 120 | 115 


* Spray turned off as humidity was getting excessive, hence fall of temperature in equalising chamber 
check 
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On July 25th the temperature of the air supplied to the Chamber 
remained high enough to enable the fans to be run at a moderately high 
speed throughout, and on July 26th it was possible to still further increase 
the speed of the input fan. On August Ist and 2nd, on the other hand, 
the readings were considerably lower, and, moreover, a rapid fall of tem- 
perature occurred during the evening, so that the speed of the fans, particu- 
larly that of the extract fan, had to be reduced. The effect of this is clearly 
shown in the readings of the thermographs over the ceiling, for the tempera- 
ture of the air was raised no less than 7° during its passage through the 
Debating Chamber towards the close of the evening, whereas on the warm 
days the increase never exceeded 3°5°. It is true that the number of 
Members present in the House between 11 p.m. and 1 a.m. was considerably 
greater on August Ist and 2nd than on the July days, and that the differ- 
ences is partly due to this cause, but on the afternoon of July 26th the 
attendance was still larger, and yet the increase of temperature was only 
25°. Moreover, when compared with the results quoted above for 
July 24th, when all parts of the House were crowded to their utmost 
capacity, the results for August Ist and 2nd must be pronounced unsatis- 
factory. 


It may be that the method of keeping up the temperature by reducing 
the rate of flow of the air causes little inconvenience. to Members on the 
floor of the House, where a supply of fresh air from the Equalising Chamber 
is being constantly received, but its effect must be deleterious to the occt- 
pants of the galleries who have to draw their entire air supply from the 
partially vitiated air from the floor of the House. A method by which a 
small portion of the heating apparatus could be rapidly brought into action 
when required on cool summer nights would be much more satisfactory. 


It may be pointed out that all the experiments described above were 
carried out during the summer when the heating apparatus was not in use. 
It remains to be seen whether the new heating apparatus can give off a 
sufficiently large quantity of heat to maintain an adequate supply of air 
at a sufficiently high temperature on really cold winter days. That the 
old apparatus was insufficient under the conditions which prevail now that 
the new fan has been put in was shown by the fact that it was necessary on 
the cold days at the end of May to reduce the velocity of the air by passing 
it through the cotton-wool filter in order to maintain the required tempera- 
ture within the House. 


No results have been obtained from the records of the hygrographs 
placed above the ceiling of the Debating Chamber. The changes in the 
amount of moisture present in the air produced by respiration and transpi- 
ration were, in all cases, so small that the experimental methods employed 
to detect them were not sufficiently sensitive. Thus, on July 24th, the 
values of the pressure of water vapour in the air in the Equalising Chamber 
and over the ceiling of the House were, respectively :— 











—— Equalising Chamber. Over Ceiling.---—.... 
' At 2 p.m. at oe an Ae vs 514 in. O14 in, 
4 p.m. web hy ied el eile 501 505 
6 p.m. ibs a & 1% Ms: 486 493 








The probable experimental error is greater than the differences between 
the simultaneous values, showing that the ordinary hygrometric methods 
are not applicable to the study of this question. 


R. G. K. LEmMprert. 
September, 1905. 
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(B.) THE VALUE OF THE WASHING SCREEN AT THE INLET 
FOR REMOVING BACTERIA FROM THE INDRAWN AIR. 


The value of this screen has been investigated from two points of view. 
In the first place its value for humidifying, and also for cooling the incoming 
air is seen from the data supplied by Mr. Lempfert’s recording instruments. 
and dealt with in his lucid report just given. It was desirable, however, 
to also ascertain the extent to which the screen removed particulate matter 
from the incoming air. Tests have, therefore, been carried out to 
determine its effect from this point of view, both as regards bacteria 
contained by the air, and also as regards dust particles. The value of the 
screen in the former sense is seen from the following observations. 


(1.) THe Puriry oF THE WATER USED. 


- The first matter to be examined was the purity of the water supplied 
to the screen for the purpose of purifying the air. An examination made 
on July 18th, 1905, of a sample of water drawn from one of the sprays play- 
ing on the screen showed that it contained 45 micro-organisms per cubic 
centimetre capable of developing on gelatine at 22° C., and 15 per c.c., 
capable of developing on agar at blood-heat. This result indicates that. 
the water was fairly pure from the bacteriological point of view. 


(2.) THe VALUE OF THE SCREEN FOR REDUCING THE NUMBER OF MicrRo- 
ORGANISMS SUSPENDED IN THE AIR. 


The number of micro-organisms contained in a definite volume of the 
air before and after passage through the screen was determined on three 
occasions, and on each by a different method. In all cases the air before 
and after the screen was examined simultaneously. 


The first method used was that of Frankland; the second that of 
Straus and Wurtz; and the third a modification of Hesse’s method. In 
the case of the first two methods, the air was aspirated by means of a water- 
pump, the amount drawn through the apparatus being measured by means 
of an air-meter. In both instances the air was aspirated at the rate of 
about one litre per minute. The micro-organisms were estimated by culti- 
vating a measured dilution of the filtrate of the air on gelatine at 22° C. 
With regard to the third or modified Hesse method, I use a piece of glass. 
tubing about four feet in length, and half inch in internal diameter. The 
glass tube is shortened by being bent into a series of convolutions, and its. 
two extremities are turned upwards. The end of the tube which is to act 
as inlet for the air besides being bent upwards may also be bent forwards 
at a right angle on its neck. Before use, sterile nutrient gelatine is poured 
into the tube at its outlet end, and after replacing the plug ot wool, the 
apparatus is steamed for twenty minutes. A series of these tubes may 
be prepared at the same time, and if securely plugged and preserved in 
a dark cupboard will keep for months. When in use the outlet end of 
the tube, with the wool plug left in situ, is connected by rubber tubing 
to the top of an aspirator bottle previously calibrated and filled with water, 
and the tube is clamped in such a position that its inlet is turned away 
from the direction in which the air is flowing. The wool plug is now 
removed from the inlet, and the tap of the aspirator bottle at once turned 
to a point previously determined. The point to which the tap is turned. 
is such that water flows out of the aspirator bottle (and air, therefore, into 
it) at a rate not exceeding 500 c.c. per minute. When 5 litres of air have 
in this way been drawn slowly over the gelatine, the aspirator tap is turned 
off, and the inlet of the tube at once replugged. The tube is then disconnected 
and either incubated at 22° C. or kept in a dark cupboard until the inicro- 
organisms deposited from the air upon the gelatine have developed inte 
colonies. I generally count the latter on the fourth day. 
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The results obtained when examining the air before and after the 
screen by these three methods are seen in the following table :— 





| 

















Total number of Micro- 

ATnOanE organisms per litre of air. ‘ 
Test. Method. Date. of air j psy Jo take Fan 
sampled. Before After Pe ee ‘ 

Screen, Screen. 
1 | Frankland ... | July 18th} 50 litres a2 18 66 160 revs. 
2 | Strauss and | Aug. 8th | 75 litres 5°8 2°5 62 150 revs. 
Wurtz. 

3 | Modified Hesse | Aug. 4th | 10 litres 6:7 2°6 62 150 revs. 








It would appear from these results that the washing screen is of con- 
siderable value for freeing the incoming air of micro-organisms. The 
average reduction found in the three tests, which were all made whilst the 
House was sitting, was about 63 per cent. How much of this reduction 
was due to the sprays, and how much to the wet gauze, has not yet been 
determined. 


The great majority of the micro-organisms that developed were moulds. 
As the significant kinds of bacteria present in the air entering the inlet 
had been previously determined in much detail, and by more suitable 
methods, it was considered unnecessary to go into this matter again in the 
present instance. 


(3.) THE INFLUENCE OF THE SCREEN IN RepuciING THE NuMBER oF MicRo- 
ORGANISMS DEPOSITED FROM THE AIR. 


On July 4th this matter was determined in the following way :— 


A small table 3 feet 6 inches in height was placed in the middle of 
the airway at a point about 50 yards past the washing screen. The water . 
was now turned off the screen, and when the copper gauze had become quite 
dry—which took about ten minutes—I marked two spots on the table 
and exposed an agar plate on each for thirty minutes. The water was then 
turned on at the screen, and after ten minutes pause, in order to allow the 
sprays to thoroughly wet the entire surface of the gauze, another pair of 
agar plates were exposed on the same spots on the table for thirty minutes. 
The water was then turned off at the screen, and after ten minutes another 
pair of agar plates were exposed on the same spots on the table for thirty 
minutes. 


The six agar plates were incubated for forty-eight hours at 22° C., 
and at the end of that time the colonies that had developed upon them 
were counted. The results were as follows:— 





Number of Micro- 











Test. Washing Screen. Oe bien ae Mean. 
Plates. 

PE fe bes oti) WOT as dels 425 461 
497 

a ahes us eee is 153 129 
106 

BLY Onn anil Abe aalt ted A57 481 
506 
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When the water screen was in action, therefore, the number of micro- 
organisms deposited from the air was reduced by about two-thirds. 


It should be added that in this test, which was also made while the 
House was. sitting, the speed of the fan was kept uniform throughout, viz., 
at 130 revolutions per’ minute. 


It was observed during these experiments that the copper gauze was 
very effective in the way of straining off flies from the incoming air. 


{C.) THE VALUE OF THE WASHING SCREEN AND COTTON- 
WOOL FILTER, RESPECTIVELY, FOR REMOVING DUST 
PARTICLES FROM THE INCOMING AIR, Etc. sy 
J. AITKEN, LL.D., ERS. 


On the forenoon of the 31st of May, 1905, an inspection was made by 
Dr. Gordon and myself of the alterations recently introduced in the 
ventilating arrangements of the House of Commons, and tests were made 
of the effect of the water screen, and the cotton-wool filter, on the number 
of particles of dust in the air. 


A number of tests were first made of the air on the Terrace by 
Dr. Gordon and myself. The result given by both instruments was about 
40,000 particles per cubic centimetre. The number varied from time to 
time, from a little under to a little over that number. We then proceeded 
to test the effect of the water screen. Dr. Gordon remained on the Terrace > 
while I proceeded to the inside of the air passage, to the far side of the 
water screen to test the effect of the screen in reducing the number of 
dust particles. The screen was in full working order, water flowing 
copiously over it. While I was testing the air after its passage through 
the screen Dr. Gordon was at the same time counting the number in the 
air before it entered the air passage on the Terrace. A number of tests 
were made, but we could detect no difference in the number of particles 
in the air before entering the screen and after passing through it. The 
numbers on both sides of the screen remained a little over or a little under 
40,000 per c.c. 


This result is much what might have been anticipated from what we 
know of the action of any such piece of apparatus. In the investigation 
published in the Trans. Roy. Soc., Edinburgh, Vol. xxxii, Part 2, I have 
shown that the dust particles in the atmosphere are attracted by any 
dry surface colder than the air, but repelled by surfaces hotter than the 
air, and also repelled by moist evaporating surfaces. During the summer 
months the wire screen will generally be colder than the air, but during 
these months the evaporation will be sufficiently strong to counteract the 
attraction produced by the cold, and thus prevent the dust particles coming 
in contact with the wet surface. The efficiency of such a screen can at 
best be but slight, and its powers may vary from practically nil to some- 
thing very small; its best working conditions being a hot, saturated air 
and cold water. Under these conditions, as there will be no evaporation 
to counteract the attraction of the cold surfaces, some dust will settle 
on the screen. 


But while the tests made with the dust counter show no appreciable 
effect of the water screen in reducing the number of dust particles, we 
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must not therefore conclude it had no effect on the character of the dust. 
Ii is quite possible, and very probable, that it will have some effect im 
stopping some of the larger particles, as these by their inertia will be 
driven against the wet surface, the evaporation effect not being strong 
enough to keep them off. Now, as a hundred or so of these large particles 
per cubic centimetre might be trapped by the screen without their loss. 
having any appreciable effect on the 40,000 per c.c. counted by the dust 
counter, it may still be claimed that the screen has a beneficial effect. 
This claim can, however, be best settled by bacteriological tests, as bacteria 
are much larger than most of the dust particles. 


After the water screen tests were completed Dr. Gordon and myself 
proceeded to test the effect of the cotton-wool screen. These tests were 
made in the Equalising Chamber over the inlets. The result of our tests 
was to show that the number of dust particles was reduced from 40,000 
to 7,000 per c.c., or less than one-fifth of the number in the air before: 
entering the screen. This result may be looked on as fairly satisfactory, 
though at first sight it may not appear so. But we must remember that 
no special precautions had been taken to make the wooden and other 
divisions air-tight in the passages between the filtered and unfiltered air, 
and much dusty air no doubt gets to the filtered side without passing 
through the cotton-wool; then there is the difficulty of making the whole 
surface of the filter such that no air escapes passing through the wool; and 
in considering the result we must remember that the filter will necessarily 
be most effective on the larger particles, so that those which have escaped’ 
will be mostly the very fine ones and therefore less harmful; so I think we 
are justified in considering the effect of the filter to be fairly good, though: 
no doubt it might be made better. 


JOHN AITKEN. 
June 16th, 1905. 





It may be added that on December 11th, 1905, when a dense fog ~ 
prevailed, the opportunity was taken of testing the value of the washing 
screen at the inlet for removing fog from the air, and that its effect. was. 
found to be negative in this respect. The cotton-wool filter, on the other 
hand, efficiently removed the fog from the air on the same occasion. It 
was found that the best results as regards freshness and clearness of the 
atmosphere in the Debating Chamber were obtained when the input fan 
was alone in action, and at maximum. Under this condition there was 
found to be a distinct outward pressure of air through the doors of the 
Debating Chamber. But when the extract fan was now put on, even 
though its speed was at minimum, the air in the Debating Chamber became 
less clear owing to its being contaminated by foggy air drawn in from 
outside the building, and the pressure at the doors of the Debating 
Chamber was found to be inwards. : 


4. THE QUESTION OF LEAKAGE OF UNDESIRABLE ATR 
INTO THE SYSTEM. 


(1.) The effect of raising the Terrace Inlet in the fashion adopted during’ 
last session. : 


__ In order to meet—so far as present architectural and structural con- 
siderations allow-~a suggestion that the Terrace Inlet should be raised, 
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wooden surrounds 4 feet 2 inches high were placed round two of the three 
openings by which air is indrawn at this point. It was not practicable 
to raise the third or north opening in the same way because the grating 


over it forms the approach to a doorway giving access to the Terrace, and 
much used. 


The height of the two surrounds was determined by the fact that they 
could not be raised higher without obstructing the windows of Members’ 
private dining-room D. At the height to which these two inlets were 
raised, the top of the surrounds were on a level with the sills of the 
windows of this dining-room. 


It was frequently noticed during last session that towards evening 
a strong smell of dinner found its way into the airway from the Terrace, 
and this raised the suspicion that the smell was due to leakage of air 
into the inlet from refreshment-room D. 


The following tests were made to decide this matter :— 


Eaperiment 1. 
Conditions. 


Surrounds enclosing the two inlets as during the last session. A strong 
south wind blowing. The two windows of the dining-room were opened 
to a height of 2 feet, and the average of three one-minute readings taken 
with the anemometer at each. 

Results. 


Fan off —2,050 cubic feet of air passes into the room per minute. 


_ Fan medium speed.—d520 cubic feet of air passes out through the 
windows into the airway per minute. 


The test was repeated on another occasion when there was no wind. 


Results. 


Fan off —No reading obtained with the anemometer at the windows. 


Fan medium speed.—760 cubic feet of air passes out of the windows into 
the airway per minute, — 


On generating smoke in the refreshment-room, the smoke was found to 
rapidly pass out through the windows into the airway, and the Debating 
Chamber became clouded with this smoke. The smoke was observed to 
pass out of the refreshment-room chiefly through the lower part of the 
windows. 


Leperiment 2. 


(A.) The surround enclosing the centre inlet was lowered to a height 
of 3 feet. 


Result. 
Fan off.—No reading. 


Fan medium speed.—500 cubic feet of air passed into the room through 
the south inlet window, and 490 passed out of it through the centre window. 
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Fan maximum speed.—200 cubic feet passed into the room through the 
south inlet window, and 520 out through the centre window. 


(B.) The height of the surround enclosing the south inlet was now 
also diminished to 3 feet. 


Result. 
Fan off —No readings. 


Fan medium speed.—Very slight movement into room through upper 
half of windows and out through lower half. 


_ Fan maximum speed.—300 cubic feet of air passed out of room into the 
airway. 


Experiment 3. 


Surrounds taken away entirely and inlets left at ground level as before 
last session. 


Slight wind; temperature of room 58° F.; outside temperature 48° F. 


Result. 
Fan off. —330 cubic feet of air passing through windows into the room. 


Fan medium speed.—350 cubic feet of air passing through windows into 
the room. 


Fan mavimum speed—s800 cubic feet of air passing through windows. 
into the rocm. 


Inferences. 


These experiments prove that the effect of raising the inlet in the 
fashion adopted is to aspirate air out of the windows of the refreshment- 
room D and to forward this air to the Debating Chamber when the input fan 
is working. 


On the other hand, when the inlets are at the ground level as formerly, 
no evidence of this transfer of refreshment-room air to the Debating Cham- 
ber was found. 


It is clear, therefore, that the mode of raising the inlets here adopted 
is undesirable.* . 


(2.) The question of air leakage from the engine rooms and basement into- 
the airway between the Terrace Inlet and the Input Fan. 


When the input fan is in action, the minus pressure at this part of the 
airway varies from 0°83 to 0°7 inch water gauge. This minus pressure 1s. 
not appreciably increased by turning the water on at the washing screen 
at the inlet. 


Evidence was previously found of air from the basement being drawn: 
into the airway and forwarded to the Debating Chamber, and accordingly 
this matter has been re-examined. The indicator used was as before, H.S8,. 
gas generated outside the airway. The whole of the parts of the airway 
between input fan and inlet were systematically examined, and places 
where the gas came through marked for stopping. 





* The surrounds have now been removed. 
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A good deal of thought has been given to the problem of preventing 
leakage into the system of air from the basement corridors. Short of remov- 
ing the input fan to the inlet as suggested by Dr. Aitken—an alteration 
which unfortunately is at present impracticable because of structural con- 
siderations—the desideratum is to form at each of the three doors into the 
airway at this part an air lock by means of two doors separated from 
each other by a distance of a few feet. By recent tests the present form 
of door and frame has been found unsuitable to stand the strong minus 
pressure of the fan (0°3 to 0°7 inch water gauge). Experiments are now 
being made with a door having a cast iron frame with a slightly rounded 
knife edge making airtight contact with the rubber face of the door.* The 
door is held in tight contact with the frame by means of a handle at its centre . 
which operates four metal bolts, cach of which is tapered and slides into 
a slot fixed in the frame. 


—_—- 





* The rubber is dovetailed into the woodwork of the door. 
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SECTION IV. 





OBSERVATIONS DURING 1905 OF THE QUANTITY OF AIR 
PASSED THROUGH THE DEBATING CHAMBER SYSTEM. 
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1. DESCRIPTION OF THE AIR-COURSE OF THE DEBATING 
CHAMBER SYSTEM. (See plan.) 3 


(A.) INFLOW. 


Air, drawn down from the Terrace through the windows of the three 
chambers which comprise the Terrace Inlet, passes at once through the 
washing screen stretched across each chamber, and then travels for a 
distance of about 100 feet along a somewhat narrow and irregular 
passage past the “ice racks” to the input fan. | i 


The first branch out of the system is given off from the ceiling of the 
air-way soon after the input fan. This branch, which is provided at its 
base with a coil of steam pipes, goes up to the floor of the Commons Lobby. 
This first branch of the System therefore is given off before the cotton- 
wool filter is reached. 


The bulk of air goes past this branch to the Commons Lobby and, 
except in time of fog, passes through open doors in the sides and end of the 
cotton-wool filter direct to the Battery Chamber above. When a fog is on, 
however, the doors into the cotton-wool filter are closed, and the air then 
enters the filter through the six inches of cotton-wool with which its sides 
are filled. When it has gained the interior of the cotton-wool filter, the 
direction of the air-stream is changed into an upward direction. 


In order to understand some of the results which will shortly be 
described, it is important to bear in mind that the space in which the 
cotton-wool filter lies is of the same sectional area as the passage from 
the input fan. On the other hand, the two chambers to which the air 
passes after leaving the cotton-wool filter are much larger, being, in fact, 
of the same length and breadth as the Debating Chamber, of which they 
form the two lower stories. 


The gratings'in the ceiling of the cotton-wool filter form the floor 
of the middle portion of the Battery or Heating Chamber to which the air 
next passes, and the gratings in the ceiling of the Heating Chamber are 
the inlets in the floor of the Equalising Chamber. 
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When the air has reached the Equalising Chamber it can take one of 
two directions. It can pass on directly upwards through the roof of the 
Equalising Chamber which constitutes the floor of the Debating Chamber, 
or it can pass laterally through five openings or “ port holes” in the side 
walls of the Equalising Chamber into the space beneath the floor of the — 
Division Lobbies. The Equalising Chamber is thus an “air junction” 
for the Debating Chamber and Division Lobbies. | 


In addition to the ceiling of the Equalising Chamber, which almost 
wholly consists of cast-iron gratings, there are some special shafts by 
which air can be conveyed to the galleries of the Debating Chamber. The 
chief of these shafts at present operative open laterally in the walls of 
the Equalising Chamber between the “port holes” conveying air to the 
Division Lobbies. These shafts, which are four in number on each side, 
convey air in part to the space under the gallery, but chiefly to the 
Members’ gallery on each side of the Debating Chamber. For the latter 
reason they will be referred to as the “ Members’ Gallery shafts.” 


Besides these Members’ Gallery shafts there are a number of shafts 
which rise in the wall upon each side of the Debating Chamber and 
convey air from the upper side of the “port holes” cut in the walls of 
the Equalising Chamber (see section). These shafts go to the Members’ 
Gallery and also to the Retiring Rooms. They convey at present compara- 
tively little air owing to the position of their origin in the Equalising 
Chamber, and also to their small size and consequently great resistance. 
Accordingly they have not been systematically examined in the present 
investigation. : 


Besides the shafts mentioned there are no channels at present opera- 
tive by which air is conveyed directly from the Equalising Chamber to the 
Strangers, Press or Ladies’ Galleries, or to the Press rooms. These parts 
of the House at present depend entirely upon the body of the Debating 
Chamber for their air supply. Accordingly, in summer, when the 
Debating Chamber windows are open, the occupants of these places benefit 
considerably thereby. 


(B.) OuTFLOW. 


The new extract fan over the Commons Lobby extracts air through 
three openings. One of these is an outlet from the Ways and Means 
corridor and adjoining rooms and will not be further considered, because 
the inlet to that district is outside the Debating Chamber system. 
The second opening delivers air from the Commons Lobby. The third, 
largest, and most important opening of all is the hydraulically operated 
“shutter-valve” through which all air extracted from the Debating 
Chamber by the extract fan must pass. 


The collecting area from which is gathered the air that passes through 
the shutter-valve in question is formed chiefly by the raised panels of the 
ceiling of the Debating Chamber. The spaces between these panels and 
their supporting framework, however, do not constitute the sole channels 
by which air passes from the Debating Chamber to the extract fan, Over 
the Ladies’ and Speaker’s Galleries is an arch in the wall, and through 
this arch all air extracted from the Ladies’ and Speaker’s Galleries passes 
to join the air extracted through the ceiling by the fan. 


__ The central part of the ceiling is free to deliver air either to the gas- 
lights or to the main extraction. 


Division Loppy EXTRACT. 


The extract from the Division Lobbies is cut off from the ceiling area 
of the extract fan and is at present still actuated by the coke furnace in 
the Clock Tower. Owing to the air-course connection between the perfo- 
rated panels of the ceiling of the Division Lobbies and the Clock Tower 
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Inflow. 


Outflow. 
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furnace being so long and tortuous, the pull which the furnace exerts 


7 


upon these Lobbies is but feeble, as will be seen later. |! 1D 


The Lavatories in the Division Lobbies are also joined for extract 
purposes to the Clock Tower furnace. 


The Retiring Room extract and lavatories are joined to the Division 
Lobby extract, and are therefore also actuated by the Clock Tower furnace. 


The Press Rooms extract, which is also joined to the Clock Tower 
furnace, is connected to that system at a point nearer the Clock Tower. 


2. STATIONS AT WHICH OBSERVATIONS OF THE AIR-FLOW 
HAVE BEEN CHIEFLY TAKEN. 


(A.)—INFLOW. 


The general inflow was always observed at the ice racks in the airway 
before the input fan. 


The Common Lobby inflow was observed at the base of the shaft to 
the Commons Lobby. On two occasions the air-flow was observed in other 
parts of this system. 


The air-flow through the Battery Chamber was investigated at the 
gratings in the floor of this chamber, but owing to a strong down current 
of air at the end under the Bar, no quantitative estimate was here made 
of the air-flow. | 


The air-flow into the Equalising Chamber was frequently observed 
by anemometer at all of the 17 gratings by which air is at present admitted 
through the floor of this chamber. 


The flow into the Division Lobbies was measured at the “ port holes ” 
by which air passes into these Lobbies. It was also measured at two 
openings, by which, at either end of the Equalising Chamber, air is con- 
veyed to some perforated panels in the sides of the Division Lobbies. 


The flow of the Members’ Gallery shafts was observed by exposing the . 
anemometer in the rising part of each shaft. 


The quantity of air passing into the Debating Chamber was deduced 
by subtracting the air-flow to the Division Lobbies from the air-flow into 
the Equalising Chamber through its floor on the same occasion. 


Inside the Debating Chamber, the air-flow to the Benches was 
measured by anemometer observations at the inlets to them. The inlets 
in question consist of a slit behind each Bench, and a space left between 
the valance of the seat and the floor. 


_ The air-flow through the remaining part of the Debating Chamber 
floor, which chiefly consists of gangways, was arrived at by subtracting 
the total air-flow to the Benches from the quantity of air deduced from 
observations in the Equalising Chamber, as the amount flowing through 
the floor of the Debating Chamber on the same occasion. 


(B.) OUTFLOW. 


The air extracted from the Debating Chamber by the extract fan 
was observed iat the shutter-valve above the ceiling; at the arch to the 
Ladies’ and Speaker’s Gallery; and at the ceiling panels. 


The air extracted from the Commons Lobby was observed at the outlet 
therefrom near the extract fan. 


The air extracted from the Division Lobbies was observed at a 
doorway at the base of a large perpendicular shaft, by which, on either 
side of the Debating Chamber, air from each of these Lobbies respec- 
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tively passes to the top,of the Debating Chamber to join the openings of 
four downcast shafts by.which it descends again towards the Clock Tower 
furnace. 


The air extracted from the Lavatories and Retiring Rooms on each 
side was observed on the same occasion at a smaller doorway at the base 
of each of the two perpendicular shafts. 


3. METHOD BY WHICH THE AIR-FLOW HAS BEEN 
DETERMINED. 


The quantity of air propelled along the air-courses of the Debating 
Chamber system at various speeds of the input and extract fans has 
been determined by anemometer. The sole instrument employed was the 
anemometer made by Casella. Before beginning the present investigation, 
the error of this instrument at air velocities of from 50 to 500 feet per 
minute was ascertained by submitting it to Kew Observatory, and through- 
out the inquiry the readings have been corrected according to the figures 
then supplied. 


When measuring the velocity of the air, the anemometer was held on 
a stick 3-4 feet in length, and was moved slowly but continuously and 
as far as possible at an equal rate either in a perpendicular or in a 
horizontal direction through each quarter section in turn, until the whole 
of the sectional area of the air-course at the point where the reading was 
being taken had been covered. At the beginning of the investigation the 
uestion arose as to whether an appreciable increase of accuracy in the 
method would be obtained by increasing the length of the stick on which 
the anemometer was held, but on being put to the test of experiment this 
question was found to be answered in the negative. Later on, a further 
question arose, viz., whether, in case of readings obtained by passing the 
anemometer close to, but not touching, the face of a grating, the air-flow 
through the said grating should be calculated by multiplying the velocity 
by the whole sectional area of the grating, or whether the velocity should 
be multiplied only by that portion of the area of the grating that was 
actually patent. This question was also solved by experiment and in the 
following way: One of the gratings in the floor of the Equalising Chamber 
was selected and readings taken by passing the anemometer over the face 
of it in the usual way. The readings so obtained were then compared 
with readings taken on the same occasion at the top of a “cuff” which had 
been erected round the circumference of the grating to a height of 3 feet. 
In this way it was possible to compare readings obtained at the actual 
face of the grating with readings obtained when the air-currents passing 
through the grating had become “ equalised,” and as a result it was found 
that to estimate the air-flow correctly, the air velocity ascertained by 
passing the anemometer over the face of the grating in the usual way 
should be multiplied only by the sectional area of that part of the grating 
which was actually patent. 


At an early stage of the enquiry Mr. Patey made some alterations in 
the floor of the Debating Chamber, as the result of which good anemometer 
readings were found to be obtainable at the inlets to all the benches. 
As has been stated previously, advantage has been taken of this fact 
to measure the inflow of air to the Benches. The effect on the air supply 
to the Benches of blocking the gangways with carpet, and of lifting the 
valances entirely has also been observed in the same way. 


The 
question of 
readings at 
gratings. 


Anemometer observations of the air-flow to the Benches by the slits Readings 
were not found to present much difficulty, as the sectional area of these at slits. 


inlets was large enough to admit of the whole of the vaned wheel of 
the anemometer being inserted. On the other hand, observations of the 


air-flow by the space under the valance—a space averaging 114 inches in Reading 
height—caused considerable perplexity in regard to the extra correction at valances. 
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needed for the instrumental error under these circumstances. The 
correction which has been adopted was arrived at by the following exper1- 
ments, designed and executed by Mr. Patey :— 


1. Two Casella anemometers were taken and compared under the same 
conditions of air-flow. Three one-minute readings taken simultaneously 
in a 4-feet tube having a constant air-flow showed that the readings given 
by the two instruments agreed to within 2 per cent. 


2. The two anemometers were then compared at the valance inlet by 
taking readings in the ordinary way, and again the variation between the 
two instruments was less than 2 per cent. 


3. Each of the two anemometers was now placed in a small frame of 
the same size and pattern, with the exception that one of these frames 
was fitted with a sliding shutter by means of which the wheel of the 
anemometer could be screened to any degree desired. 


4. On comparing the two anemometers in their frames at the valance 
inlet, with the shutter of anemometer A raised, the results were as follows. 
The figures quoted in this and the following experiments are in all cases 
the average of four one-minute readings :— 


Anemometer A.—Shutter raised, 140. 
Anemometer B.—146. 


5. The shutter of anemometer A was now lowered until the part of 
the anemometer wheel exposed to the air-current measured only 14 inch 
in height, that is to say, until the upper limit of the part of the wheel 
exposed exactly corresponded with the lower level of the fringe of the 
valance. The results now were as follows :— 


Anemometer A.—Only 14 inches of wheel exposed, 124. 
Anemometer B.—Whole of wheel exposed, 143. 


6. On raising the shutter of anemometer A until 1# inches of the 
anemometer wheel was exposed, 7.e., until the part exposed was of the 
same height as the valance inlet, including fringe, the following results 
were obtained :— 


Anemometer A.—13. inches of wheel exposed, 141. 
Anemometer B.—Whole of wheel exposed, 144. 


7. Experiment 5 was now repeated, but with the frames containing 
the anemometers in a current of uniform velocity as in experiment 1, the 
results were as follows :— 


Anemometer A.—13 inches of wheel exposed, 140. 
Anemometer B.—Whole of wheel exposed, 220. 


INFERENCES. 


1. When the whole surface of their respective wheels was exposed to 
the air-current, the two anemometers gave readings that, for practical 
purposes, may be regarded as identical. — 


2. The velocity reading obtained at the valance inlet in the ordinary 
way 1s equivalent to a reading obtained by exposing 13 inches only of 
the wheel of the anemometer to the air-current. 


3. The velocity reading obtained when 13 inches of the anemometer 
wheel is exposed to the air-current is only about 63 per cent. of the 
reading obtained at the same air velocity but with the whole of the wheel 
of the anemometer exposed. 


4. It 1s therefore necessary to add some 37 per cent. to the reading 
obtained at the valance in the ordinary way. This has been followed 
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throughout the tests of the air-flow at the valances by adding one-third 
to the reading before adding the Kew correction for the velocity thus 
arrived at. nope | 


__ When examining the finer distribution within the Debating Chamber 
of air supplied from the Terrace inlet, and especially when endeavouring 
to ascertain the extent to which the galleries benefit from this air, 
exceedingly useful evidence has been obtained by adding smoke to the air 
at the Terrace inlet, and by then observing the path of this smoke-tinged 
air through the Debating Chamber. On many occasions also we have 
employed smoke to check the validity of conclusions arrived at by the 
anemometer. 


4. OBSERVATIONS OF THE GROSS QUANTITY OF AIR PASSED 
INTO THE SYSTEM THROUGH THE TERRACE INLET AND 
OUT OF THE DEBATING CHAMBER AT VARIOUS SPEEDS 
OF THE TWO FANS. 


Except when expressly stated otherwise, all windows and doors in the 
Debating Chamber were closed when determining the air-flow. The 
Division Lobby windows, however, were kept open, and the small extraction 
- fans in them were kept going. 


At the same time that the inflow was being taken at the ice-racks, the 
outflow from the Debating Chamber was taken at the shutter valve above 
the ceiling. 


Throughout the records of anemometer observations, the figures for 
the flow of air signify cubic feet of air passing per minute. 


It will be convenient to consider the results obtained :— 
1. When both fans were working. 
2. When the input fan alone was working. 
3. When the extract fan alone was working. 


The inflow and outflow when both fans were working simultaneously 
is seen from the following table, which should be read quite across from lett 
to right :— 





Input System. Extract System. 




















| J. 

| | Outflow at 

No. eka Revolutions, | “Terrace eelettdan Revolutions. oe 

niet. Shutter. 
L | Minimum | 120 | 36,045 Minimum | 128 | 42,400 
2 Do. 120 | 36,000 | Do. | 115 40,400 
3 Maximum | 190 58,005 Maximum | LCG 59,600 
4 | Do. | 190 58,000 Do. 165 57,000 
5 | Near Maximum 176 54,765 Minimum 113 38,500 
6}. Minimum 118 36,405 Maximum 177 | 36,580 











Notre.—In considering these results it must be borne in mind that air 
entering the Terrace Inlet supplies the Commons Lobby and Division 
Lobbies as well as the Debating Chamber. It is, therefore, wrong to 
assume that all air entering the Terrace Inlet passes to the Debating 


Chamber. 


Airflow at 
Terrace 
inlet and 
Debating 
Chamber 
outlet. 
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Inferences. 


(A) Lhe amount of Terrace Air passed into the system. 

It appears from these observations that when both fans were put at 
their minimum speed, about 36,000 cubic feet of Terrace air passed into 
the Debating Chamber system per minute; and that when the speed of both 
fans was increased to maximum, the amount of Terrace air indrawn in- 
creased to 58,000 cubic feet per minute. 


(B) The Air-flow when both Fans were put at the same Speed. 

When both fans were at their minimum speed, the amount of air 
extracted from the Debating Chamber was slightly in excess of the amount 
propelled from the Terrace Inlet; but when both were at maximum speed, 
the input fan propelled slightly more air into the system than the extract 
fan withdrew from the Debating Chamber. It will be noticed, however, 
that under maximum conditions the input fan is run at a higher speed than 
the extract. The reason of this has been previously explained, viz., 
resistance. 


(c) The Air-flow when the Fans are run at Unequal Speeds. 

The first of the two tests that in the table come under this heading, 
namely, test 5, goes to show that the input’s maximum is well in advance of 
the extract’s minimum. The result of the second test, however, shows that 
the extract fan can get a good proportion of its air complement inde- 
pendently of the Terrace Inlet. 


(2.) THe AIR-FLOW WHEN THE INPUT FAN ALONE 1S WORKING. 


When the extract fan was stopped, and the input fan put at minimum 
speed and then increased to maximum, the results were as follows :— 





Input System. Extract System. 


























Outflow at 
Input Fan bern Inflow at Extract Fan . Debating 
Speed. Revolutions: Terrace Inlet. Speed. }, BevohaMione: Chamber 
Shutter. 
Minimum a, 30,900 Zero 0 9,100 
Maximum 182 54,500 Zero 0 12,500 
Inference. 


Only about a quarter of the air impelled into the system by the input 
fan, therefore, was expelled through the ceiling of the Debating Chamber 
under these conditions. 

When the input of air was increased by 53 per cent., the outflow from 
the Debating Chamber increased by 37 per cent. 


(3.) THe AIR-FLOW WHEN THE ExTRACT FAN ALONE IS WORKING. 


When the conditions of the last test were reversed, the input fan being 
stopped altogether and the extract put at its minimum, and then increased 
up to its maximum, the flow of air is seen from the following table :— 


——$—_—_ + 





Input System. Extract System. 














Outflow at 
Input Fan ; Inflow at Extract Fan ° Debating 
Speed. | Revolutions. TPanrecdtolek: Speed. Revolutions. Charates 
Shutter. 
Zero 0 1,035 Minimum 125 39,320 
Zero ee 0 2,160 Maximum 177 55,960 | 
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Inference. 


Although the input fan was stopped, the extract fan obtained its com- 
plement of air from the Debating Chamber; but only an insignificant pro- 
portion of this air came from the Terrace Inlet. 


When the air extracted was increased by 43 per cent., the inflow from 
the Terrace Inlet was increased by 108 per cent. 


In view of the result of the last test it was desirable to define at once, 
so far as possible, the sources within the Debating Chamber from which 
the extract fan drew its air when the input fan was stopped. 


(4.) THe FreLp oF THE Exrracr Fan. 


It was discovered that during the last test mentioned a door at the 
back of the Strangers’ Gallery had been opened, and left open, The 
Division Lobby windows also had, as usual, been open throughout. 


In the next test, therefore, which was carried out on July 24th, the 
previous test was repeated in the following manner. As before, the input 
fan was stopped and the extract put at its maximum. Three series of 
observations of the air-flow were then made in different parts of the Debat- 
ing Chamber under the following conditions respectively. 


1. Door to Strangers’ Gallery and Division Lobby windows open. 

2. Door to Strangers’ Gallery shut. Division Lobby windows open. 

3. Both door to Strangers’ Gallery and Division Lobby windows 
shut. 


The points at which observations were taken, and the flow of air 
observed at each, are seen from the following table :— 


Input Fan Stopped. Extract Fan Maximum. 















1 


Door Strangers’ Door Strangers’ Door Strangers’ 
— Gallery open. Gallery shut. Gallery shut, 
Division Lobby Division Lobby Division Lobby 


windows open. windows open. windows shut, 














Air-flow into Terrace 3,420 4,815 6,480 

inlet. 
- Down-flow of air from 12,744 . 14,903 11,491 

Division | Lobbies (19,000 in a later 
into Kqualising test). 
Chamber. 

Door behind Strangers’ | Air-flow to Debating Shut Shut 
Gallery. Chamber : Velocity 


207 ft. per minute. 


Velocity 197 ft. to- 


Door behind Ladies’ Not observed Velocity 142 ft. 
wards Grille, 


Gallery. towards Grille. 


Out-flow from Ladies’ 3,990 4,199 4,180 
and Speaker’s Gal- 
lery to Ceiling. 

Ginedov- from, Debat- 54,320 56,360 56,560 
ing Chamber Shut- 


ter. 


24080 


154 


Inferences. 


. The result of this test goes to show that under the circumstances 
examined, the extract fan drew its air into the Debating Chamber in great 
_ part through the windows of the Division Lobbies (whence it passed down 
into the Equalising Chamber, and thence up through the floor of the Debat- 
ing Chamber), but also through the various doors and windows in the sides 
of the Debating Chamber. Amongst the doors through which the extract 
fan was drawing air into the Debating Chamber, were the doors at the 
backs of the Strangers’ and Ladies’ Galleries. : 


When the Debating Chamber and Division Lobbies were made as air- 
tight as possible by shutting all the doors and windows, the extract fan 
nevertheless obtained its full complement of air through the sides of the 
Chamber and Division Lobbies rather than from the Terrace Inlet. 


The cause of this result is clearly a structural one, viz., that the airway 
by which air passes from the Terrace Inlet to the Debating Chamber is so 
long, narrow, and winding that the resistance which it offers to the inflow 
of air is greater than the resistance offered by the sides of the Debating 
Chamber and Division Lobbies when all doors and windows are shut, and 
the extract fan alone is working.* For this reason the extract fan, when 
not fed by the input fan, draws air from foreign sources rather than from 
the legitimate Terrace Inlet. 


A further important point was discerned in this test, and afterwards 
confirmed in many and various tests, namely, that the lateral outflow of 
air from the Equalising Chamber to the Division Lobbies is a sensitive index 
by which the degree of the over-balancing of the input by the extract fan 
may be gauged. When the supply of Terrace air to the Equalising Chamber 
is below the demands of the extract fan, not only is the normal lateral out- 
flow to the Division Lobbies stopped, but as the overbalancing progresses a 
current of air develops in the opposite direction, that is to say, from the 
Lobbies to the Equalising Chamber. 


The effect of a later test in particular, in which it was found that the 
opening of windows in the Debating Chamber caused more air to flow out 
of the Equalising Chamber into the Division Lobbies, is an instance of the 
effect of lessening the pull of the extract fan on the inlets to the Division 
Lobbies. a Hee Rael ari). 


5. OBSERVATIONS .OF THE QUANTITY OF AIR PASSED 
THROUGH EACH PART OF THE SYSTEM WITH VARIOUS 
SPEEDS OF THE TWO FANS, &e. 


The parts of the system at which the air-flow has been determined 
are :— 
(1.) The Commons Lobby. 
-(2.) The Equalising Chamber. 
(3.) The Division Lobbies. 
(4.) The Debating Chamber. 


, 


(1.) THE Commons Lossy. 


The results of two surveys of the air-flow through the Commons Lobby 
are contained in the following tables. The observations were made 





__™ The resistance of the washing screen has also to be taken into account, 
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during August, 1905. The windows of ‘the ei were all shut while arate 
they were proceeding :— Lobby. 


Test I. 


Commons Lobby Air-flow. 






































Observation. 1 | 2 | Ba | 4 
Input Fan... A B. sii Zero. Minimum. Medium. | Maximum. 
Extract Fan... Ki. nf Zero. .| Minimum. | Medium. | Maximum | 
Air-flow up Commons Lobby Shaft 2,013 6,593 7,217 9,354 
Portion of this air going into Com- 1,497 6,097 | 5,918 7,491 
mons Lobby. 
Portion going to Whips’ Rooms and 516 | 496 1,359 1,963 
Post Office. ; | ty 
Air extracted at ceiling of Commons |~- 1,102 4,833 5,074 6,365 
Lobby. 
Test II. 
Commons Lobby Air-flow. 
Observation. | | 1 | 2 | 3 | 4 
Input Fan... ee ‘fe s Zero. Minimum. | Medium. Maximum: 
Extract Fan ... : . eke Zero. Minimum. | : Medium. Maximum, 
Air-flow up Commons Lobby supply 499 6,201 7,450 | 8,151 
shaft. 
Portion of this air going to the —108 4,824 6,663 :4,393- 
Lobby. 
Portion going to Whips’ Rooms and nae SS ae LOU 787 758 
Post Office. 
Air extracted from Commons Lobby BY 4,662 5,745 (Pray 
Inferences. 


(1.) Supply v. Exhaust. 

The figures for the extraction show that in these tests the exhaust 
from the Lobby well balanced the supply. 
(2.) Efficiency of the Ventilation. 


The average number of persons present in the Commons Lobby during 
debates is estimated at 120, and the maximum at 180. According to these 
estimates the volume of air supplied by the ventilation per head in the 
Commons Lobby would be as follows :— 


Cubic feet of Atr supplied per head per minute in the Commons Lobby. 














Input Fan ... ste Ma ane et a ay | Zero. | Minimum. | Medium. | Maximum. 
Extract Fan as ee 3 re ar ade | Zero. | Minimum. | Medium. | Maximum, 
Test 1 12 50 AQ 62 
Bites oe - 
120 persons presen oe 0 40) 55 61 
§ 2 
‘180 persons present ... AM a ! : y - i 
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These results indicate that the ventilation of the Commons Lobby, 
independently of the windows, is satisfactory under ordinary circum- 
stances; and by no means bad when it is relatively full, and both fans 
going at their maximum speed. 


(2.) THE GRATINGS IN THE FLOOR OF THE EQUALISING CHAMBER. 


Ae The quantity of air passed into the Equalising Chamber under various 
mame": fan speeds is of cardinal importance because of the Equalising Chamber 
being the air junction for both Debating Chamber and Division Lobbies. 


The air-flow at this point under various fan speeds is shown in the 
following table :— 


I.—Anur-flow through floor of Equalising Chamber. 








No. eae ee as wee | 1 | 2 | 3 | 4 | 5 | 6 | 7 

Input Fan is sls 0 0 Max. Max. Max. Max. Med. 
Extract Fan ah a 0 Max. 0 Max. Max Min. - Med. 
Air-flow through floor of | 2,561 9,005 44,801 | 48,509 | 42,271 | 40,725 | 35,445 





Equalising Chamber. 








It appears from these results (1) that the essential condition for 
obtaining the maximum delivery of air at the floor of the Equalising 
Chamber is to have the input fan at its maximum speed, and (2) that the 
extract fan exerts comparatively small influence on the air-flow at this 
point. In experiment 2, in which the extract alone was acting, and at 
maximum, there was a downflow of air (919 cubic feet per minute) through 
the Commons Lobby shaft to the air-way. 


II.—Eaperiments showing effect of closing down Commons Lobby Shaft. 


Experiment 742 eae an8 are nee = 50 | 1 | 2 | 8 
Commons Lobby Shaft... we es ae Open. Shut. Shut. 
Input Fan ... oe age ee ae ... | Maximum. | Maximum. | Maximum. 
Extract Fan ... bs. es ae + .. | Minimum. | Minimum. | Minimum. 
Air-flow through floor of Equalising Chamber .... 40,725 52,030 53,963 ° 


By closing the Commons Lobby shaft, therefore, a gain of some twelve 
thousand cubic feet of air per minute was obtained at the Equalising 
Chamber. 


III.—Same conditions as in Tests 2 and 3 of Table II., but in addition 
the Cotton-Wool Filter thrown into action. 





Experiment IG as iy fe He Ss eee ae 1 2 
Input Fan... es ry. aad wes bas sid Maximum Maximum 
Extract Fan sae Tr i: be coe Minimum Minimum 





Air-flow through floor of Equalising Chamber = 40,362 41,476 
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The effect of passing the air through the cotton-wool therefore was Equalising 
to neutralise the gain obtained by closing down the Commons Lobby shaft. Chamber. 
By closing that shaft 12,000 cubic feet of air was gained at the Equalising 
Chamber; by then throwing the cotton-wool filter into action, a loss 
occurred of 12,000 cubic feet of air. 


These experiments show that during fog, 40,000 to 42,000 cubic feet 
of filtered Terrace air may be obtained at the Equalising Chamber per 
minute; provided that the Commons Lobby shaft is closed. The closure 
of the Commons Lobby shaft was not, however, complete in these tests, 
as the wooden flaps by which it is closed were not absolutely air-tight. 


IV.—Showing effect of altering inlet area at floor of Debating Chamber, 
1.€., at ceiling of Equalising Chamber. 














Date... tae ar | October 12. Do. October 13. Do. November 14. Do. 
Input Fan ...| Medium Medium || Medium| Medium Medium | Medium 
Extract Fan ..-| Medium Medium || Medium| Medium Medium | Medium 
Condition of floor} Usual Gangways || Usual | Gangways Usual All 
of Debating |(string mat-| partially thoroughly valances 
Chamber. ting). carpeted. carpeted. lifted up. 
Air-flow through| 39,042 39,286 37,001 39,313 39,812 03,414 
Floor of Equalis- 
ing Chamber. 























The alterations referred to do not seem to have produced much effect 
upon the air-flow through the floor of the Equalising Chamber. 


Summary. 


It appears from these observations that when the input fan alone 1s 
acting and at maximum, or when both fans are at maximum, a volume of 
about 44,000 cubic feet of air per minute is delivered at the floor of the 
Equalising Chamber from the Terrace inlet. 


If the Commons Lobby shaft be shut, and the input fan at maximum 
and the extract at minimum speed, a volume of 52,000 to 58,000 cubic feet 
of Terrace air per minute is then delivered at the Equalising Chamber. 


By now throwing the cotton-wool filter into action, the Commons 
Lobby shaft remaining shut, the air delivery at the floor of the Equalising 
Chamber is reduced to 40,000 cubic feet per minute. 


Inferences. | 


The maximum supply of Terrace air to the Equtalising Chamber 
under ordinary conditions suffices for 880 persons. 


The closing of the Commons Lobby shaft raises this amount until it 
is sufficient for 1,050 persons. 


When the cotton-wool filter is throwm into action and the Commons 
Lobby shaft closed, enough filtered Terrace air can be supplied at the 
Equalising Chamber to suffice for 800 persons. 


Conclusion. 


Unless the Commons Lobby shaft is shut, the maximum quantity of 
Terrace air delivered at the floor of the Equalising Chamber by the ventila- 
tion at present is insufficient to meet the demands of the Debating Chamber 
alone when crowded to the full. 


Quantity. 


Division 
Lobbies. 
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During a fog, enough filtered Terrace air can be supplied at the 
floor of the Equalising Chamber to suffice for 800 persons. Though ample 
for ordinary requirements, this quantity is insufficient for maximum 
requirements that might arise in time of fog; and it is obtained by 
sacrificing the ventilation of the Commons Lobby. 


(3.) Tue Division Lopsizs. 


1. OBSERVATIONS OF THE INFLOW OF AIR TO THE DIVISION LOBBIES FROM 
THE EQUALISING CHAMBER. 


I—Air-flow from Equalising Chamber into Division Lobbies. 




















— | 1 | 2 | 3 | 4 5 6 
Input Fan ... | Maximum 0 Maximum | Maximum | Maximum | Medium 
Extract Fan... 0 Maximum | Maximum | Maximum } Maximum | Medium 
Aye Lobby ... 9,923 —10,330 2,803 1,633 1,810 3,148: 
No Lobby ... 10,812 — 9,560 3,871. 1,945 3,400 763 
Both...) | 20,735, |,419,890 |, 6,672... 85781, 5,240 |gitaaania 








It is seen from the figures in this table that the maximum air-flow 
to the lobbies occurs when the input fan alone is working and at its 
maximum. ‘The effect of the extract fan is to actively diminish the air- 
flow to these lobbies from the Equalising Chamber. 


II.—T he effect of closing the Commons Lobby Shaft, and of putting on 
the Cotton-Wool Filter, respectively. 


Experimbnt tract tiispiet aed} geen ye.. | 1 | 2 | 3 | 4 

Input Fan ... te Bas .. | Maximum | Maximum | Maximum | Maximum 
Extract Fan... “os one .. | Minimum | Minimum | Minimum | Minimum k 
Commons Lobby Shaft ... Be Open Shut Shut Shut 
Cotton Wool Filter ae re Off Off On On 

Aye Lobby ... Es ffs ae 1,840 9,541 7,019 7,152 
No Lobby ... an db are 3,400 9,230 7,008 7,423 








Both SOE Mt oo ae tte Ts 5,240 18,771 14,027 14,575 





The effect of closing the Commons Lobby shaft therefore was to very 
largely increase the amount of air going to the Division Lobbies. This 
relative increase is maintained, even though the cotton-wool filter is 
thrown into action. The effect of the cotton-wool filter upon the supply 
to the Division Lobbies and Debating Chamber respectively in the same 
test, will be dealt with later when considering the effect of the cotton-wool 
filter on the distribution of Terrace air within the Debating Chamber. 


HI.—The result of tests to determine (1) the effect of lifting up the 
valamces in the Debating Chamber, and (2) the value of the small 
fans in the Division Lobby windows. 


Both input and extract fans were at the same “ medium ” speed during 
the five tests here referred to. 


leat ote kt ish anal | 1 | 2 | 3 | ‘ | 5 
Date ote wt Py .. | Aug. 14 | Aug. 14 ie 14 | Nov. 14 | Nov. 14 
Valances in Debating Chamber Up Up Down Down Up 
Fans in Division Lobbies * Off On On On On 
Aye Lobby Inflow ... .. 1,642 8,104 |. 5,013 3,229 1,634 
No Lobby Inflow aa oe 570 2,209 2,940 1,007 100 














Bohs WeUMANO sri tuls Lod? Veer 5,313 7,953 | 4,236 1,734 


The lowering of the valances in the Debating Chamber is seen from 
comparison of tests 2 and 38 to have increased the inflow to the 
lobbies by 2,640 cubic feet per minute. Similarly, by comparison of tests 
4 and 5, it is seen that the effect of lifting the valances was to diminish 
_ the flow to the lobbies by 2,502 cubic feet per minute. This parallel result 
is strong testimony to accuracy of the method. 


The effect here shown of the Lobby window fans will be considered 
later. The combined effort of these fans increased the air-flow to the 
lobbies by 3,101 cubic feet per minute in experiment 2. 


IV .—The effect of Carpeting the Gangways in the Debating Chamber. 








Experimente.) 4, n> | 1 | 2 Ee 4 5 
Vate:.: ie ads ae Oct. 12 Do. Oct. 13 Do. Do. 
Gangways of Debating | Partially String | Thoroughly | String String 
Chamber. Carpeted. | Matting. Carpeted. | Matting. | Matting. 
Input Fan ... as te Medium Do. Do. Do. Do. 
Extract Fan... Se ume Medium Do. Do. Do. Lo5 
Aye Lobby ... An Sue Nil Nil 2,686 1,457 3,033 
No Lobby ... ae +e 1,444 1,078 4,059. 1,932 — 8,460 
Both ... ie ke a. 1,444 1,078 6,745 3,389 6,493 





* Tn this test the Ways and Means Outlet door above the ceiling, shut in the preceding four tests, was 
opened and the extraction from the Debating Chamber thereby lessened from 53,000 to 45,000 cubic feet per 
minute. 


The effect of partially carpeting the gangways in the Debating 
Chamber was small, therefore, the lobbies only profiting by 366 cubic feet 
of air per minute thereby. In the partial carpeting referred to, all the 
gangways were carpeted except the Centre Gangway behind the Chair. 
On the other hand, when the gangways were entirely carpeted the lobbies 
profited to the extent of 3,856 cubic feet per minute. On diminishing 
the extract (test 5) this amount became approximately doubled. 


V.—The effect of opening the windows in the Debating Chamber. 


It has been repeatedly observed that when both input and extract fans 
are working, the effect of opening the windows in the Debating Chamber 
is to lessen the pull of the extract fan on the Equalising Chamber, and 
hence to allow more air to flow into the Division Lobbies. 


Thus on July 31st, when the House was sitting, the windows on the 
Opposition side of the Debating Chamber were open. The input and 
extract fans were at their medium speed. On examination it was found 


Division 
Lobbies. 


Division 
Lobbies. 
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that in the Equalising Chamber 3,696 cubic feet of air were flowing into 
the Aye Lobby and 3,817 into the No Lobby, a total of 7,513 for both 
per minute. ; 


On August 2nd both fans were at approximately the same speed as 
on July 31st, but the windows of the Debating Chamber were closed. 
On the present occasion 3,148 cubic feet of air were flowing into the Aye 
Lobby, but only 763 into the No Lobby, a total of 3,911 for both lobbies. 


The following experiment was now made. The fans were kept at the 
same speed, and the amount of air passing out from the Equalising 
Chamber to the Division Lobbies was examined at four of the openings 
to the Aye Lobby, first with the windows of the Debating Chamber shut, 
then with them open. 

















Result. 
—- Windows shut. Windows open. 
Opening 1 sae a wis sist 8 621 Jao 
wie. 2 i eR Fete 742 1,197 
F-ot:3 (Le oe bores. ate, 455 1,068 
So AS Oe A eer ee Ee 508 795 
2,326 3,859 











The effect of opening the Debating Chamber windows, therefore, was 
to increase the air passing to the Aye Lobby through these openings by - 
approximately one-third. 


(2.) OBSERVATIONS OF THE EXTRACTION FROM THE Division LOBBIES. 
(a.) The Lobby Window Fans. 
The test previously quoted, made on August 14th, with both chief 


fans at medium speed, showed the following air-flows from the Equalising 
Chamber to the Division Lobbies :— 


— Lobby Fans off. Lobby Fans on. 





Aye Lobby ... Wee ay 1,642 3,104 
No Lobby... <8 fet 570 2,209 
otnltes et ae een 20129 | 5,313 


‘the effect of the window fans, therefore, in these tests was to 
increase the air-flow to the Aye Lobby by 1,642 cubic feet per minute, and 
to the No Lobby by 1,639, or an increase altogether to both lobbies of 
3,281 cubic feet per minute. 


From direct measurements made at the windows by Mr. Patey, it 
appears that when working at maximum speed these window fans 
extract altogether 4,000 cubic feet of air per minute from the Division 
Lobbies. Their efficiency is, therefore, rather greater than the above 
observations in the Equalising Chamber imply. 


But these window fans are only a makeshift device. Their very 
presence in the windows of the lobbies at all is a confession of the incom- 
petence of the proper extract through the ceiling of the lobbies. The 
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fans, moreover, have been a frequent cause of complaint on the part of 
Members using the lobbies. They cannot be run at full speed because of 
the noise they make; and in cold weather they cannot be used because of 
cold air blowing in through the centre of the fans. 


(b.) The Ceiling extract of the Division Lobbies. 


_. It has been previously stated that the panels of the ceiling of the 
Division Lobbies have a perforated border, and that the Clock Tower 
furnace is still connected to the air space over these panels. 


On August &th, and again on August 11th, the air-flow through the 
shaft on each side, by which the air gathered up from all the ceiling panels 
of each Division Lobby passes to the Clock Tower furnace, was examined. 
The results were as follows :— 




















Date ~... aes are Aor as August Sth. August 11th. 

Input Fan... ve a Medium Minimum. 

Extract Fan ... se 2 Minimum Minimum. 

Aye Lobby Shaft to Clock 1,524 1 bys) 
Tower. 

No Lobby Shaft to Clock 1,501 1,270 
Tower. ane wa — 

Total... bi Oe 3,025 3,425 
Summary. 


The largest quantity of Terrace air flows into the Division Lobbies 
from the Equalising Chamber when the input fan is at maximum, and the 
main extract fan is stopped. Under these circumstances, some 20,000 
cubic feet of Terrace air 1s supplied to the lobbies per minute. 


The extract fan actively diminishes the air supply to the Division 
Lobbies from the Equalising Chamber; and when not balanced by the 
input fan, it even converts the Equalising Chamber inlets to the Division 
Lobbies into vigorous outlets from the lobbies. 


The fans in the Division Lobby windows when at maximum speed 
extract some 2,000 cubic feet of air per minute from the Equalising 
Chamber to each lobby, and the ceiling extract in its present state extracts 
a total of about 3,000 cubic feet from both lobbies. Thus, altogether, from 
both lobbies, some 7,000 cubic feet of air is extracted per minute under 
present conditions. 


Inferences. 


As the maximum amount of Terrace air that can_be supplied to the 
Division Lobbies is only sufficient for 400 persons, the supply is inade- 
quate. Moreover, this amount of air can only be supplied to the Division 
Lobbies by either stopping the extract fan, or by closing the Commons 
Lobby shaft. 

As the maximum amount of air found to be extracted from both 

lobbies is only sufficient if no more than 140 persons are present, it is 
clear that the extract is even more unsatisfactory than the supply to the 
Division Lobbies. 
, In summer, when the windows of the Division Lobbies are opened, 
_ the results of this inadequate ventilation are not perceived. In the winter 
and spring, however, the insufficiency of the supply of fresh air must be 
more obvious to Members. Fortunately there are fewer divisions at that 
time of year. 

24080 x 
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Inflow. 
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There can be no doubt that the first remedy indicated is to join the 
ceiling of the Division Lobbies to the extract fan over the Commons Lobby. 
By this means not only will the Division Lobby extract become more 
powerful and far more under control, but the inhibitory action of this 
extract fan on the Division Lobby inlets in ie Equalising Chamber will 
be diminished. 


It may be added that the cubic space of each Division Lobby is 
27,670 cubic feet. The present extract, therefore, changes the air of each 
lobby about every 92 minutes. But if 325 Members were in each lobby, 
and a supply of 50 cubic feet of fresh air per head per minute given, the 
air of each lobby would require to be changed every 17 minutes. Unless 
the inlet and outlet area operative within the lobbies were to be made more 
extensive than at present, this degree of ventilation would most probably 
lead to complaint of draught. It should be remembered, in this connection, 
that air having a temperature between 55° and 65° F. when moving at a 
velocity of 1 to 1 feet per second is felt by none, and when moving at a 
velocity of 2 feet is felt by only a few very sensitive persons. It is there- 


fore quite possible to change the air of the Division Lobbies every 


1-7 minutes without producing the sensation of draught, provided that the 
area of inlet and outlet within these lobbies is sufficiently diffuse. 


Addendum. 


The subsidiary supply to the Division Lobbies from the Commcns and 
Star Courts. 


At one period of the ventilation of the Debating Chamber, the whole 
air supply was drawn from the Commons and Star Courtyards. This 
supply was unassisted by mechanical means, and was dependent entirely 
on the exhaust created by the two coke furnaces situated at the Commons 
Tower and the Clock Tower, respectively. It is not to be wondered at 
that the air indrawn from this source proved inadequate to meet the 
requirements of the Debating Chamber. 


On the abandonment of this supply for the Debating Chamber, it 
was still used for the Division Lobbies—chiefly during Divisions—and 
also for the Commons Lobby. 


The value of this supply for the Division Lobbies has been investi- 
gated on two occasions, once when the temperature of the outside air 
was less than that of air in the Equalising Chamber, and once when the 
reverse conditions held. 


Test I. July 26th, 1905. 


The wi i a of the Equalising Chamber, 73'5° F 
Commons Court, 775° F 
Air passing by inlets from No Division ‘Lobby, 550 cubic feet. 


si bead of Equalising Chamber, 73° F. 
» star Court, 79° F. 
Air passing by inlets from Aye Division Lobby, 620 cubic feet. 


Total air by inlets from both lobbies, 1,170 cubic feet. 


Test II. August 1st, 1905. 


Honagie a of Equalising Chamber, 63°75°. F. 
,» Commons Court, 59 5° F. 
Air passing by inlets to No Division Lobby, 2,020 cubic feet. 


pai iia of Equalising Chamber, 64° F. 
5, star Court, 60° F. 
Air passing by inlets to Aye Division Lobby, 2,360 cubic feet. 


Total air passing by inlets to both lobbies, 4,380 cubic feet. 
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Summary. 


On July 26th, when the temperature was higher outside than inside 
by 4° F., 1,170 cubic feet of air passed owt of the lobbies per minute 
through these so-called inlets; and on August Ist, when the temperature 
was lower outside by 4° F. than inside, 4,380 cubic feet of air passed into 
the lobbies through these inlets per minute. 


Inference. 


The supply from the Courtyard to the Division Lobbies through these 
inlets is entirely a question of difference of temperature, and, accordingly, 
at times the inlets at this point are apt to become outlets. Although 
in the second observation (August Ist) enough air passed in through these 
openings to the Division Lobbies to suffice for 87 persons, the intro- 
duction of air at a temperature considerably below that of the lobbies 
cannot be recommended. It is advisable, therefore, that this supply shoul¢ 
be abolished. It is merely a remnant of a previous system, and if the 
Division Lobby Ceiling extract 1s connected to the extract fan as suggested, 
and the input of Terrace air at the Equalising Chamber increased to the 
requisite degree, there will be no need for this somewhat crude and 
uncertain supply from the Commons and Star Courts.* 


(4.) THe DreBpatinc CHAMBER. 


In the present section attention will be confined to observations of 
the amount of air passing through the Debating Chamber under various 
conditions. ‘The relative activity of the mlets and outlets within the Debat- 
ing Chamber itself will be considered later when dealing with the distri- 
bution within that chamber of air supplied from the Terrace inlet. 


The amount of air passing into the Debating Chamber from the Equal- 
ising Chamber has been arrived at by deducting the air-flow to the Division 
Lobbies from the air-flow through the Equalising Chamber floor on the 
same occasion. The outflow from the Debating Chamber was observed 
directly at the shutter above the ceiling, through which air passes from 
the Debating Chamber to the extract fan. 


The results of various tests of the air-flow through the Debating 
Chamber are seen in the following table :— 


I—Quantity of Air supplied from the Equalising Chamber to the Debating 
Chamber and withdrawn from the latter at various Speeds of the two 














from Equalising Chamber. Y 
Air withdrawn from Ceiling of | 55,960 | 12,500 


Fans. 
hi | eh ele l 2 | 3 | 4 | 5 | e 
5 | 
Input Fan... --. cP co 0 Max. | Max. Max. Max. | Med. 
Re ca |Max de 0 | Max. | Max. | Min. | Med. 
Air entering Debating Chamber | 28,901 | 24,066 | 36,829 | 38,691 | 35,485 | 31,534 


56,920 | 54,000 | 38,500 | 48,320 
Debating Chamber by Fan. | 
Difference between Supply and | 27,059 | 11,566 20,091 | 15,309 3,015 | 16,786 
Exhaust. 





—_$ —«———— 

















Approximate percentage of Terrace te 100 (?) 64 iy: 92 65 
Air in Debating Chamber. — 





* This supply has now been abandoned. 
24080 » D6. 
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The percentage of Terrace air in the Debating Chamber in the various 
tests has been arrived at by finding the percentage of the exhaust supplied 
from the Equalising Chamber. A careful examination of the sides of the 
vitiated air chamber over the ceiling of the Debating Chamber showed 
that the inleakage of outside air at this point may be neglected. 


In Test 1 of the above table it should be stated that of the 28,901 
cubic feet of air entering the Debating Chamber from the Equalising 
Chamber, no less than 19,896 came from the Division Lobbies. 


It is seen from Test 2 of the table that the smallest quantity of air 
entered the Debating Chamber from the Equalising Chamber when the 
input fan alone was in action; a result due to the fact that in this 
condition, almost half of the air entering the Equalising Chamber from 
the Terrace inlet passed into the Division Lobbies. Owing to the extract 
fan being stopped, it is probable that the percentage of Terrace air in the 
Debating Chamber gradually reached its maximum point in this test. 


The largest quantity of air was forwarded to the Debating Chamber 
from the Equalising Chamber when both fans were at maximum speed 
(Tests 3 and 4). The quantity provided under these conditions was 
sufficient for about 750 persons. Owing, however, to the demands of the 
extract fan being in excess of the air supplied to the Equalising Chamber 
by the input fan, Terrace air only appeared to form some 67 per cent. 
of the atmosphere of the Debating Chamber when both fans were at maxi- 
mum speed. 


Under working conditions, the speed at which the highest percentage 
of Terrace air appeared to obtain in the Debating Chamber was when the 
input fan was at maximum speed, and the extract at minimum. The 
quantity of air impelled into the Debating Chamber with this fan combi- 
nation nearly approached the maximum, but the chief advantage of it was: 
that under these circumstances the proportion of Terrace air in the atmos- 
phere of the Debating Chamber rose as high as 92 per cent. 


Il.—Quantity of Air supplied to and withdrawn from the Debating 
Chamber when the Cotton-wool Filter 1s in Action. 






































Datew ern: os Af uae Le py August 7th. August 7th. August 8th. 
Commons Lobby Shaft... a. Shut | Shut | Shut 
Cotton Wool Filter ... ne “aie Off On On 
Input Fan... sans aa St, Maximum | Maximum Maximum 
Extract Fan ... a _ 9 Minimum | Minimum Minimum 
Air entering Debating Chamber 33,209 26,339 26,901 
from Equalising Chamber. 
Air withdrawn from Ceiling of 40,000 40,000 — 40,400 
Debating Chamber by Fan. 
Difference between Supply and 6,741 13,665 13,499 
Exhaust. 
Approximate percentage of Terrace 83 65 66 
air in Debating Chamber. 





lt appears from these results that when the filter was on, the quantity 
of filtered Terrace air supplied to the Debating Chamber was sufficient for 
some 530 persons. The effect of the cotton-wool filter on the atmosphere 
of the Debating Chamber was to substitute 65 per cent. of filtered Terrace — 
air therein for 85 per cent. of the same air unfiltered. 
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IIIl.—The Effect on the Air-flow to the Debating Chamber of lifting up Crate 


the Valdnces under the Seats. 











Condition ... at aay eae eee na spss Valances all down. Valances all up. 
Input Fan fe = oe as ids Medium Medium 
Extract Fan °*... i He. a8 Me ¢ Medium Medium 
Air entering Debating Chamber from Equal- 31,576 31,680 


ising Chamber. 








The raising of the valances, therefore, appeared to have exceedingly 
little effect upon the gross air-flow from the Equalising Chamber into the 
Debating Chamber. 


IV.—The Effect on the Air-flow to the Debating Chamber of Carpeting the 




















Gangways. 
Date bet aie ee ah October 12th. October 12th. | October 13th. October 13th. 
Gangways ... £0 aL Partially String Entirely String 
carpeted. matting. | carpeted. matting. 
Input Fan tre it Medium Medium Medium Medium 
Extract Fan a! ue Medium Medium Medium Medium 
Air entering Debating 37,842 37,964 30,786 30,924 
Chamber from Equalis- | 
ing Chamber. | 
| 











The incomplete carpeting of October 12th had no effect, therefore, on 
the total air entry from the Equalising to the Debating Chamber. When, 
however, the gangways were more thoroughly covered with carpet, the air 
supply to the Debating Chamber became reduced by some 5,000 cubic feet 
per minute. 


Summary. 


The smallest flow of air from the Equalising Chamber into the Debating Inflow. 
Chamber occurred when the input fan alone was in action, and the largest 
flow occurred when both input and extract: fans were at their maximum 
speed. Under the latter circumstance, enough Terrace air was impelled 
into the Debating Chamber for 750 persons, but, owing to the excess of 
extraction, the Terrace air supplied by the input fan only formed some 
67 per cent. of the atmosphere of the Debating Chamber. 


The largest proportion of ‘Terrace air obtained in the atmosphere 
of the Debating Chamber when the input fan was at maximum and the 
extract fan at minimum speed. With this fan combination, enough 
Terrace air was supplied for about 700 persons, and its proportion in the 
atmosphere of the Debating Chamber rose to 92 per cent. 


The effect of throwing the cotton-wool filter into action was to diminish 
the proportion of Terrace air in the atmosphere of the Debating Chamber 
by 18 per cent. Under this condition, however, enough filtered Terrace air 
was supplied for about 520 persons. 


The raising of the valances in the Debating Chamber appeared to have 
little effect upon the quantity of air supplied to the Debating Chamber 
from the Equalising Chamber. Partial carpeting of the gangways also 
had no effect in:this respect; but when the gangways were wholly carpetea 
the inflow of air from the Equalising’ Chamber was reduced by some 5,00 
cubic feet per minute. 


Outflow, 
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The quantity of air extracted from the Debating Chamber when the 
extract fan was put at its lowest speed, was slightly in excess of the 
quantity supplied by the input fan acting at its highest speed. When the 
peat of the extract fan was increased, this difference, of course, became 
arger. 


When the extract fan was at minimum speed, the whole of the air of 
the Debating Chamber (165,000 cubic feet) was found to be extracted about 
every 4 minutes; an extraction sufficient for an assembly of about 750 
persons. When the extract fan was put at maximum speed, the air of the 
Debating Chamber was found to be changed a little under every 3 minutes; 
an extraction sufficient for an assembly of 1,120 persons. 


Inference. 


Though ample for ordinary requirements, the input fan when working 
at its maximum does not supply enough air to the Debating Chamber 
for 900 persons—the maximum requirement. The minimum of the extract 
fan is more powerful than is necessary under the average conditions of 
occupancy of the Chamber, and the maximum extract of this fan is higher 
than the maximum requirements of the Debating Chamber demand. 


The first remedy indicated is to decrease the resistance of the Terrace 
airway, and if, as is possible, this is not found to be sufficient, it may be 
necessary to have a more powerful input fan. 


Should the extraction from the Division Lobbies be joined to the 
extract fan, as advocated when discussing the ventilation of these Lobbies, 
the at present too strong full of that fan on the Debating Chamber would 
thereby be diminished. If the reduction affected by this measure is not 
found to be sufficient, it may be possible to further reduce the at present 
minimum speed of the extract fan by electrical means. 


Summary showing the Air-flow through various parts of the Debating 











Chamber System at the same time. . 
Test MAEM PH 1 2) | 3 4 5 6 7 8 
Input Fan ...| Zero Zero | Max. Max. Max. Med. Max. Max. 
Extract Fan ... | Zero Max. | Zero Max. | Max. | Med. | Min, | Min. 
Inflow at Ter-| 2,490 5,010} 56,385 | 55,370 | 56,025 | 47,745 | 54,000 | 56,070 


race Inlet. 
Air-flow to Com- = —919| 10,711 6,957 9,903 7,700 6,787 | Shut 


mons Lobby. 
To KEqualising 2,561 9,005 | 44,801 | 42,271 | 438,509 | 35,445 | 40,725 | 52,030 
Chamber. . { 

To Division — —19,890} 20,735 3,080 6,680 Ol 5,240 | 18,771 
Lobbies. 
To Debating — 28,895 | 24,066 | 38,691. | 36,829 | 31,534 | 35,485 | 33,259 
Chamber. 
Ceiling Outlet — (56,000) (12,500)| 54,000 56,920 | 48,320 | 38,500 | (40,400) 
of Debating 
Chamber. 




















The prefix indicates that the inlet referred to was acting as an outlet 
to the extent indicated. The figures in brackets represent an approximate 
estimate. | wait 
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ADDENDUM TO THE QUANTITY SECTION. 


COMPARISON BETWEEN THE QUANTITY OF AIR SUPPLIED 
. TO THE DEBATING CHAMBER BY THE VENTILATION ON 
TWO OCCASIONS WHEN THE HOUSE WAS SITTING IN 

1904 AND 1905 RESPECTIVELY. 


The improvement in the ventilation effected by the alterations made 
between 1904 and 1905 can be seen from comparison of the following obser- 
vations of the air-flow made on August 3rd, 1904, and on July 31st, 1905, 
respectively, during the progress of a debate :— 

















ate Air Flow into the System from | Air extracted from the Debating 
: the Terrace Inlet. Chamber. 
Ausust Std, L90boalwllontar pow 21,900 15,653 
July 31st, 1905 ks Ee ‘ 41,175 46,000 





As the gas extraction was acting on both occasions, it has been ignored 
in comparing the extraction from the Debating Chamber on the two dates. 


As the cubic capacity of the Debating Chamber is 165,000 cubic feet, 
it follows that on August 3rd, 1904, the air of the Debating Chamber was 
changed by the coke fire extraction every 10°5 minutes, whereas, on July 31st, 
1905, it was changed by the extract fan every 3°5 minutes, that is to say, 
three times as fast as before. 


The air-flow through the intermediate parts of the system was not 
fully observed on the 1904 date, so that full comparison in this respect 
cannot be made. But the velocity of the air passing up through the circular 
gratings in the floor of the Equalising Chamber was observed on August 3rd, 
1904, and as both the velocity and the air-flow at this point were fully 
observed on July 31st, 1905, comparison can here be made. 


The velocity of the air passing up on August 3rd, 1904, through the 


Debating 
Chamber 
1904 v. 
1905 


9 circular gratings referred to happens to have been recorded in the accom~_ 


panying diagram in red figures at each grating. The velocities found at 
the same gratings on July 31st, 1905, have been written in black ink over 
these figures. | | 


The total velocity at the 9 circular gratings in the 1904 observation 
was 446 feet per minute, and in the 1905 observation 1,022 feet per minute. 
The velocity of the air in the 1904 observation, therefore, was 43 per cent. 
of that observed in 1905; and, as the sectional area was the same on both 
occasions, it follows that the quantity of air passing up in 1904 was 43 
per cent. of that passing up in 1905. 


In the 1905 observation the quantity of air passing to the Debating 
Chamber was found by deducting the air passing out laterally from the 


Equalising Chamber to the Division Lobbies from the quantity passing in © 


through the floor of the Equalising Chamber on the same occasion. The 
figure thus arrived at was 23,585 cubic feet of air for the Debating Chamber 
per minute, and 43 per cent. of this quantity gives 10,141 cubic feet of air 
per minute as the amount of Terrace air passing into the Debating Chamber 
on August 3rd, 1904. 


The question may be asked, but was the proportion of total air distri- 
buted to the lobbies the same in 1905 as in 1904? This, unfortunately, 
cannot be answered absolutely, but it is reasonable to suppose that if 
different, the proportion passing to the lobbies was relatively greater in 
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1904 because the pull of the extract against the inlets to these lobbies from 
the Equalising Chamber was less. 


According to the computation, therefore, the supply of Terrace air to 
the Debating Chamber on August 3rd, 1904, was sufficient for 202 persons, 
whereas on July 31st, 1905, it sufficed for 471. 


It will be further observed that on both occasions the extraction from 
the Debating Chamber exceeded the supply which that Chamber received 
from the Terrace. The quantity of air extracted in the 1904 observation 
was sufficient for an assembly of 313 persons ‘in the Chamber; whereas, on 
July 31st, 1905, it sufficed for 920. In comparison with the supply, there- 
fore, the excess of the extract was greater in 1905 than in 1904. 


According to the estimate, the proportion of Terrace air in the atmos- 
phere of the Debating Chamber on August 3rd, 1904, was 64 per cent., 
whereas, on July 31st, 1905, owing to the excess of extraction being 
relatively greater, the proportion of Terrace air in the Debating Chamber 
was only 51 per cent. 


Although almost double the quantity of air was being passed through 
the Debating Chamber in the 1905 debate, therefore, the proportion of 
Terrace air in the atmosphere of the Chamber was actually less. 


| To tace page /68. 
GRATINGS IN THE FLOOR OF THE 


EQUALISING CHAMBER 


LOOKING FROM ABOVE. 
Velocity readings August 1904 red August /905 black. 
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Distribution Section (1). 


SECTION V. 


THE DISTRIBUTION WITHIN THE DEBATING CHAMBER OF 
| AIR SUPPLIED FROM THE TERRACE INLET. 


CONTENTS. 
PAGE. 
1. The Districts of Active Air-flow in the Chambers beneath the Floor of the 
Debating Chamber sat Sis ee 3 ie ae era LOD 
2. The Areas of Inlet and Outlet within the Debating Chamber ae ve Sate hiG 
3. The Air-flow through the Slit Inlets at the Benches Ni 3: if Me SATS 
4, The Air-flow through the Valance Inlets, and the total volume of Air delivered 
at the Benches by both Slit and Valance Inlets ... +e pane! 3 | 
9. The Air-flow through the Panels at the Debating Chamber Floor area ... ae) 
6. The Air-flow through the Members’ Gallery Shafts Ke id yi sz 19200 
7. The effective area of Outlet from the Debating Chamber ... % rat a 201 
8. The result of Smoke Tests ‘ay Pi af A A a ef .. 204 


1. THE DISTRICTS OF ACTIVE AIR-FLOW IN THE CHAMBERS 
BENEATH THE FLOOR OF THE DEBATING CHAMBER. 


(A.) Air-flow in the Cotton-Wool Filter. 
(B.) Air-flow in the Battery Chamber. 
(C.) Air-flow in the Equalising Chamber. 


(D.) Evidence of the equalising value of the Equalising Chamber 
afforded by examination of the air-flow therefrom to the 
Division Lobbies. 


(E.) The effect of the copper gauze beneath the Government side of 
the Debating Chamber. 


(A.) THe ArR-FLOW IN THE CoTTON-WOOL FILTER. 


The cotton-wool filter lies parallel to the centre gangway of the 
Debating Chamber, and some 30 feet directly beneath it. The boundaries 
of the passage or vault in which the cotton-wool filter is contained corre- 
spond with those of the centre gangway above. Terrace air, therefore, 
when it has arrived at the cotton-wool filter, is in a somewhat narrow 
chamber, the position and area of which is represented by the centre 
ganeway of the Debating Chamber, 30 feet above it. 


It has been previously mentioned that, except in time of fog, Terrace 
air from the air-way passes into the cotton-wool filter through the open 
doors in the sides of this filter. The first door at which the air arrives 
is a door at the end of the filter under the Bar, and accordingly a large 
proportion of the air enters the filter through this door. The air so 
entering streams down the whole length of the interior of the filter until 
it meets the foundation of the wall that bounds the Debating Chamber 
at the Chair end. It is then reflected upwards. 
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(B.) AIR-FLOW IN THE BaTTERY CHAMBER. 


Through a series of gratings in the ceiling of the cotton-wool filter 
the air passes upwards into the Battery Chamber. The part of the Battery 
Chamber floor at which Terrace air enters, therefore, is the middle third 
only, that is to say, the part of it which lies below the centre gangway. 
Although the Battery Chamber and its annexes extend below the whole 
of the floor of the Equalising Chamber and Division Lobbies, the main 
stream of Terrace air in traversing the Battery Chamber 1s at present 
limited to that part of it below the centre gangway. At the end under the 
Chair, this limitation of the air current to the middle third of the Battery 
Chamber is effected by enclosing it with boarding. 

On examining with the anemometer the upflow of air through gratings 
in the floor of the Battery Chamber, it has been found that the gratings 
under the Chair end are the most active, and that at the end of the 
Battery Chamber under the Bar not only is there no up current, but 
actually a down current when the ventilation is on. 


The reason of this down current at the Bar end of the Battery 
Chamber is that the main stream of Terrace air enters the cotton-wool 
filter below this point and rushes horizontally along the interior of the 
filter for some 40 feet until reflected up by the wall at thé further end under 
the Chair. The first grating in the Battery Chamber, therefore, 7.e., the 
erating under the Bar, at present merely serves to enable air to be dragged 
down from above to join the swift horizontal current shooting past its 
lower surface in the cotton-wool filter. 


That this explanation is correct is shown by the fact that when the 
doors into the filter are shut, the down current disappears. In this case, 
however, as before, the main upcurrent of Terrace air still passes up into 
the Battery Chamber at the end under the Chair. ; 

One of the recommendations that will be suggested is to restore the 
walls of the Battery Chamber and to remove the boarding by which, below 
the Chair, the air-stream is confined to the middle line. Two great 
advantages would thereby be gained, viz.: (1) better diffusion of the 
Terrace air throughout the Battery Chamber, and as a result of this 
(2) all the gratings in the floor of the Equalising Chamber could then be 
made operative. By this measure the Battery Chamber would become a 
preliminary Equalising Chamber, and the area of inlet in the floor of 
ae Equalising Chamber above it would be increased by some 43 square 

eet. 


——___ 


(C.) AIR-FLOW IN TNE EQUuUALISING CHAMBER. 


The air-flow through the floor of the Equalising Chamber is best seen 
by reference to the accompanying diagrams, which show the position of 
the gratings, and the velocity of the air passing up through them in three 
typical tests. | 


The gratings in question are of two kinds, viz., circular, and 
rectangular. Of the 12 circular gratings, three are at present closed; 
and of the nine open, one has a spiral staircase within it, the remaining 
eight being grated. 

The rectangular gratings in the middle of the Equalising Chamber 

may be briefly differentiated into inner and outer. Of these, the inner 
gratings are immediately under the centre gangway between the Bar and 
Table, and are always wide open during debates. The outer gratings have 
their covers only half raised in order to deflect the air issuing from them 
to the floor of the Debating Chamber on either side beneath the Benches. 
° The total sectional area of all parts of the Equalising Chamber floor 
at present open to the passage of air is 199°8 square feet, of which the 
circular gratings contribute 1314 square feet, and the rectangular 
gratings 684 square feet. 


But in spite of the sectional area of the rectangular gratings being 
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only about half that of the circular gratings, it has been found in numerous 
tests that whatever the fan combination may be, and whether the cotton- 
wool filter be in action or not, the total quantity of air passing up through 
the circular and rectangular gratings, respectively, is about the same. 


The reason of this equal delivery no doubt lies in the fact that the 
rectangular gratings are over the middle of the Battery Chamber where 
a good part of the main stream of Terrace air passes up. 


With regard to the comparative activity of the various circular 
gratings, it has been invariably found that the three gratings at present 
open at the Chair end of the Equalising Chamber are the most active. 
The quantity of air passing up through the three gratings in point is 
generally between two-thirds and three-quarters of the total quantity 
passing up through all the circular gratings. When the cotton-wool filter 
is in action, this proportion diminishes to half the total air-flow 
through the circular gratings, or about a quarter of the whole flow through 
the floor of the Equalising Chamber. 


The reason of the excessive activity of the three gratings in question, 
is because they le over that end of the Battery Chamber at. which the 
chief part of the main current of Terrace air passes up. Conversely, at 
the Battery Chamber under the Bar a down current was found, and hence 
the circular grating over this point in the Equalising Chamber is the 
least active. When the cotton-wool filter is in action, however, the down 
current disappears, and this Bar grating becomes far more active. 


Summary. 


The air entry through various gratings in the floor of the Equalising 
Chamber is at the present time exceedingly unequal. This inequality is 
due to the confinement of the air-stream to the middle line below the 
Equalising Chamber. The chief up current occurs at the end of the 
Equalising Chamber under the Chair, and also under the block of Govern- 
ment Benches above the gangway, and under the centre gangway between 
the Bar and the Table. The worst air entry is under the Opposition 
Benches, and below the Bar. 


The air-flow through various gratings in the floor of the Equalising 
Chamber in a number of tests is seen from the following table :— 


Air-flow through different gratings in floor of Equalising Chamber. 


Test 8 33s | 1 | 2 | 3 | a | 5 | 6 | 7 8 9 
Special Test | Test | Test | Test Test | Test | Cotton | Gang- | String 
Conditions. . Wool in| ways on 
. action, | thor- | gang- 





Com- | oughly | ways 
mons |carpeted| Oct. 13. 
Lobby | Oct. 13. 


shut. 

Input Fan () 0 | Max. | Med. | Max. | Max. | Max. Max. Max. 
Extract Fan 0 | Max. | 0 | Med. | Max. | Min. Min. Med. Med. 
Total flow 2,561 |9,005 | 44,801 | 37,786 | 42,271 | 40,725 | 41,476 | 37,531 | 39,313 
through 

Kqualising 

Chamber 

Floor. 
Flow through 0 | 292 | 23,357 | 18,824 | 23,271 | 22,835 | 20,972 | 18,732 | 20,292 
rectangles. 


Flow through | 2,561 | 8,713 | 21,444 | 18,962 | 19,000 | 17,900 20,504 | 18,799 | 19,021 
circles. 


Flow through | 2,561 |5,619 | 14,824 | 13,037 | 13,054 | 11,987 9,900 | 14,044 | 13,883 
3 circles at 
Chair end. 
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D. EvIpDENCE OF THE EQUALISING VALUE OF THE EQUALISING CHAMBER 
AFFORDED BY EXAMINATION OF THE AIR-FLOW THEREFROM TO THE 
Division LOBBIES. 


The uniform evidence afforded by observations of the air-flow from 
the Equalising Chamber into the Division Lobbies on a large number of 
occasions, goes to show that in spite of the unequal entry of air through 
the floor gratings of this Chamber at the present time, the supply of air 
from the Equalising Chamber to the Division Lobbies on either side of 
it is as a rule exceedingly equal. 


A special opportunity arose of examining the equalising power of this 
Chamber on occasions when the cotton-wool filter was being tested, for, as 
a result of throwing the cotton-wool filter into action, a distinct altera- 
tion was found to take place in the comparative air-flow through the 
various gratings in the floor of the Equalising Chamber. The effect of 
passing the air through the wool appeared to be to make the air entry 
through the various inlets in question much more equal; though the 
equality was still far from being complete. 


The comparative activity of the various inlets to the Equalising 
Chamber being thus altered by throwing the cotton-wool filter into action, 
it became of some interest to ascertain what proportion of the air entering 
the Equalising Chamber floor passed out to the Division Lobbies with the 
wool off and on respectively. Moreover, the proportion of the Equalising 
Chamber supply that passed out to the Division Lobbies having been 
determined, it follows that the remainder must have passed into the 
Debating Chamber. The results of three tests of this matter are seen in 
the following table :— 








Test ane eS fy: Re iA te we 1 | 2 | 3 
Cotton, Wook Milter .cfiin)aa yaaal wae Off On On 
Proportion of Air entering Equalising | 36 per cent. 34 per cent. 35 per cent. 
Chamber that passed out into Division 
Lobbies. | 
Proportion going into Debating Chamber... | 64 per cent. 66 per cent. 65 per cent. 











When the cotton-wool filter was in action, therefore, in spite of the 
alteration produced thereby in the comparative activity of the various 
inlets in the floor of the Equalising Chamber, no alteration occurred in 
the proportion of this air distributed by the Equalising Chamber to the 
Division Lobbies and Debating Chamber respectively. 


These results show that in spite of its being handicapped by the 
present exceedingly unequal entry of air at its floor, a circumstance that 
might well have wrecked the function of this Chamber, the Equalising 
Chamber is, nevertheless, of great efficacy for the purpose for which it was 
designed by Dr. Reid. Moreover, the conclusion thus arrived at from 
investigation of the air entry to the Division Lobbies will be found to be 
confirmed when the results of the examination of the air entry to various 
districts of the floor of the Debating Chamber come to be described. 


E. THE EFrect oF THE SHEET OF CoprpEeR GAUZE FIXED BENEATH THE FLOOR 
ON THE GOVERNMENT SIDE OF THE DEBATING CHAMBER. 


__A sheet of copper gauze, 30 meshes to the linear inch, is fixed in the 
ceiling of the Equalising Chamber underneath the Government side of the 
Debating Chamber, but not elsewhere. This gauze produces a slight but 
distinct resistance to the up-flow of air on this side of the Debating 
Chamber, as may be proved by fixing one of Dr. Shaw’s sensitive revolving 
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spinners under the floor of the Debating Chamber in one of the compart- 
ments covered by the gauze, and by then alternately raising and lowering 
the section of gauze beneath it. When the gauze is raised, the dimunition 
in the upward air-flow produced by the resistance offered by the gauze 
results in the rate at which the wheel is revolving becoming distinctly 
slower. On lowering the gauze the speed of the wheel increases. 





DIAGRAMS ILLUSTRATING THE AIR-FLOW THROUGH GRATINGS IN THE FLOOR 
OF THE EQUALISING CHAMBER. 


Diagram I. 


In the test here illustrated both fans were stopped. The only gratings 
at which anemometer readings were obtained were the three circular 
gratings under the Chair end of the Debating Chamber. These gratings 
are always the most active of all the circular gratings, the reason being 
that the main current of Terrace air enters and leaves the Battery Chamber 
below this part. 


Both Fans Stopped. 
(July 31st, 1905.) 


Government. Opposition. 





Air inflow at Terrace inlet = 2,490 cubic feet per minute. 


(In this and the following diagrams the velocity readings are recorded 
without adding any correction for the instrument.) 


In this and the other two diagrams the numbers on the gratings 
indicate the velocity of the air in feet per minute. 
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Diagram II. 


The test here illustrated is typical of the air-flow as it occurs under 
ordinary circumstances when the ventilation is at work. The input fan 
is at maximum, the extract at minimum. As usual, the three circular 
gratings at the Chair end show the highest velocity. The circular grating 
under the Bar is also, as usual, the least active, owing to the down-draught 
in the Battery Chamber beneath it. 


Input Fan—Maximum. Extract Fan—Minimum. Cotton-Wool off. 
(July 25th, 1905. 7.45-8.15 p.m.) 


Government, Opposition. 





Inflow at Terrace inlet=57,960 cubic feet per minute. 
vs 
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Diagram III. 


The test here shown was the companion test to that seen in the last 
diagram. The only alteration introduced was that the doors of the cotton- 
wool filter were now shut, and the air thus compelled to traverse the wool. 
The total air-flow to the Equalising Chamber is diminished, but on com- 
paring the velocity readings at the various gratings with readings at the 
same gratings in Diagram II, it is seen that the air-flow has become more 
equal. The velocity at the Bar grating has gone up from 18 to 176. 


Conditions ditto of II, but Cotton-Wool now on. 


(July 25th, 1905. 8.15-9 p.m.) 


Re) 


Government. Opposition. 


ur case 





Inflow at Terrace inlet=51,210 cubic feet per minute. 


Total area 
of floor. 
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Distribution (2). 


2.) THE AREAS OF INLET AND OUTLET WITHIN THE 
DEBATING CHAMBER. 


THe AREA OF INLET. 
(A.) FLoor. 


General Description of the Floor Inlets with Special Reference to recent 


Alterations. 


As the floor of the Debating Chamber is a point at which the velocity 
of the air is relatively diminished, (the whole sectional area of the air 
stream being here, as in the case of the Battery and Equalising Chambers, 
intersected by grating, but in the present case to a much greater extent than 
before,) it was to be expected that readings obtained when examining the 
air-flow at this poit by anemometer would be more variable and more 
subject to error than readings obtained at other parts of the air course, 
where such difficulties were relatively, or even in some parts entirely, absent. 
Now, prior to the first half of the present year, when the two new fans were 
installed, the comparative sluggishness of the air-stream entering the 
Debating Chamber might well have rendered it a matter of extreme diffi- 
culty, if not an impossibility, to arrive at even an approximate estimate 
of the proportionate flow of air through the different districts of the floor 
area of the Debating Chamber by means of Casella’s anemometer. At the 
present time, however, a very much larger quantity of air is being passed 
through the floor of the Debating Chamber than in 1904, and since the 
Whitsun recess of 1905, when Mr. Patey took the opportunity of making. 
some alterations in the floor of the Debating Chamber on both sides under 
the benches, it has been possible to measure by Casella’s anemometer the 
air-flow to each bench, and to do so with what may confidently be claimed 
to be a reasonable degree of accuracy. 


Air passing through the floor on either side of the Debating Chamber 
under the benches is now gathered up and admitted to Members seated 
upon those benches by two openings, as follows:—At the back of each 
bench a space is left extending for the whole length of the bench, and 
about 3 inches in breadth—the so-called “Slit” inlet. Secondly, a space 
is left between the floor and the valances or curtains which hang down 
from beneath the seats. This space between the valance and the floor, 
averaging about 14 inches high, is the so-called “ Valance” inlet. Details 
of the gathering ground of these two inlets are most easily seen by refer- 
ence to the accompanying section, from which it is clear that the only 
places where air can pass directly to Members seated on the benches is 
through the openings mentioned—the rest of the grating being covered 
over elther by the under part of the seat of the bench, or else by the board 
on which is placed the thick mat upon which Members sitting on the 
benches rest their feet. 


Sectional Area of the various Inlets at the Floor of the Debating Chamber. 


The total area of the floor of the Debating Chamber is 3,090 square 
feet. Of this floor area the part actually open to the passage of air from 
the Equalising Chamber is 293 square feet. 
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Of the 293 square feet of general area of inlet, the inlets at the Benches Benches. 


contribute 120 square feet, of which amount the slits furnish 81 square feet, 
and the valances 39 square feet. 


When the valances are lifted right up, the valance inlet is increased 
from 39 to 423°6 square feet. 


The remaining 173 square feet of general area of inlet is at the part 
of the floor occupied by the gangways. These gangways consist of grating 
covered by string matting, and the 173 square feet of gangway inlet is 
largely reduced by the string matting, the interstices of which do not 
accurately coincide with the apertures in the grating. The amount of 
occlusion due to this non-correspondence is arrived at by comparing the 
velocity of air passing up through the same area of grating when bare, and 
when covered with the string matting, respectively. Tests made of this 
matter have shown that the effect of the string matting is to reduce the 
air velocity by 60-70 per cent. 


The portion of the 173 square feet of gangway area of inlet contributed 
by the Centre Gangway is about 115 square feet. 


Besides the inlets referred to, there are openings beneath the back 
bench on either side of the Debating Chamber under the Gallery. The 
total area of these openings is 18 square feet. Air also enters the Debating 
Chamber by the perforated panels of the table, by perforations in the base 
of the dais on which the Speaker’s Chair stands; and by perforated panels 
at each end of the Debating Chamber on either side of the Centre Gangway. 
The total area of inlet provided by these openings is some 12 square feet. 
Finally, there are some narrow shafts for conveying air to the back benches 
on either side. These shafts open at the “fret” level above the wains- 
cotting under the Gallery. 


As these seats are now carpeted with a practically impervious carpet, 
their occupants at present depend upon the body of the Debating Chamber 
for fresh air. 


Summary. 


Although practically the whole of the floor of the Debating Chamber, 
an area of 3,090 square feet, consists of grating in some form or other; the 
sectional area of actual inlet amounts to 293 square feet. 


Of this 293 square feet of inlet, the bench inlets furnish 120 square 
feet, and the gangways the rest. Of the 173 square feet of inlet provided 
by the gangways, about 115 square feet is provided by the Centre Gangway. 


Under ordinary conditions, therefore, a little over half the tofal area 
of inlet is located at the gangways, and of this gangway inlet the centre 
gangway provides two-thirds. 


It must be remembered, however, that owing to occlusion from the 
string matting, the inlet area of the gangway grating is considerably 
diminished; and further, that air passing to the benches has to pass 
through gratings in the floor beneath the benches, before it arrives at the 
sit and valance inlets. 


By lifting up the valances, the total inlet area at the benches is 
increased from 120 to 504 square feet. The bench inlet area, therefore, 
now exceeds the gangway inlet area of 173 square feet, and it has the 
advantage over the gangway inlet area in that there is no string matting 
or other material under the seats to impede the egress of air. The effect 
of this will be seen later. 
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Gangways. 


Centre 
Gangway._ 


Other in- 
lets to the 
floor area, 


Permanent 
Officials’ 
Seats. 
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The Area of the Debating Chamber at various Levels. 


Before proceeding to refer to the outlets from the Debating Chamber, 
it is advisable to point out that the sectional area of the air-stream is 
diminished in the middle of the Chamber by the projection of the galleries; 
and that above the gallery rail, the area of the Chamber expands again 
until it is greater than at the floor level. Thus, the horizontal area of the 
Debating Chamber at different levels is as follows :— 


At flooks asd ae aint 3,090 square feet. 
At level of beter Pant ee 1,731 3 iy 
At level of ladies’ gallery pip a 3,395 * is 


The smoke tests have shown that this contraction and expansion of 
the sectional area of air-flow is of great importance in reference to: the 
service of fresh air to the galleries under present conditions. 


(B.) GALLERIES. 


The Members’ gallery on either side is supplied with air by shafts from 
the Equalising Chamber, and the air-flow through these shafts has been 
examined in the Equalising Chamber on a number of occasions. The rest 
of the galleries at present depend entirely on the ae of the ‘Debating 
Chamber for air supply. 


The Area of Outlet. 


'The effective area of outlet from the Debating Chamber was investi- 
gated by testing at the spaces between the raised panels of the ceiling with 
an anemometer. The total area of these panel outlets is tte at 153 
square feet. 


The extraction through the Ladies’ and Speaker’s Gallery has also been 
examined. g 


As data concerning the gas extract were already available, no investi- 
gation of this has been made. 
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3. THE AIR-FLOW THROUGH THE INLETS AT THE BENCHES 
KNOWN AS THE SLITS. 


(1.) The general delivery of air by the slits. 
(2.) The influence of various factors on the air-flow through the slits. 
(3.) Brief summary. 


(1.) THe GENERAL DELIVERY or AIR BY THE SLITS. 


As the benches of the Debating Chamber are divided by the centre 
and cross gangways into four blocks, it will be convenient in considering 
the air-flow through the slits, to deal with the air-flow through the slits of 
each of these blocks of benches as a whole. In this connection it must be 
stated that the benches above the cross gangways are longer than those 
below, and that by means of the brass name-plates it is found that the 
former blocks seat on each side of the House 80 Members, the latter 62. 


In all tests made of the air-flow through the slits, two observations 
were made of the velocity of the air issuing from each slit at each bench. 
The air-flow from the Terrace inlet, and at the Shutter outlet from the 
ceiling of the Debating Chamber, was also observed in all the tests. 


The quantity of air delivered at the benches by the slits at various fan 
Speeds is seen from the following table. In all these tests the wire gauze 
was in its usual position under the Government side of the Debating 
Chamber :— 


Air-flow through the Slits. 


(Usual conditions; gauze acting.) 





























PORee ettels)s- | 2 | 5 | 4 | 5 | Npalich ge ; 
Date bs aK zt. | July 6. | Oct. 16. | Oct.12. | Oct.13. | July 17. | July 27.| July 27.| Nov. 24. 
Input Fan re CO diem duane Med. Med. Med. |Near Max.) Max. Max. Max. 
Extract Fan #3 Bs Min. Med. | Near Max.) Near Max.) Near Max.) Max. Max. Min. 
Air-flow at Terrace Inlet | 36,300 47,250 46,035 45,720 54,540 53,600 53,600 54,000 








Air-flow at Debating | 37,400 | 45,200 54,000 53,000 48,370 | 55,500 | 56,500 | 38,800 
Chamber Outlet. 











Government Benches | 2,420 2,932 3,113 2,861 3,369 3,998 3,965 3,746 
above Gangway. 
Government Benches 1,740 1,848 1,878 1,852 2,373 2,486 2,531 2,614 


below Gangway. | 


SE SS ee ee eS ee eee 





Total Government side... | 4,160 4,780 4,991 4,743 5,742 6,484 6,496 6,360 

Opposition, Benches 2,269 2,537 2,750 _ 2,561 PT 2,997 2,953 3,555 
above Gangway. 

Opposition Benches | 1,658 1,780 1,984 1,743 2,064 2,312 2,400 2,826 


below Gangway. 











Total Opposition side ...| 3,927 4,317 4,734 4,304 4,777 5,309 5,353 6,381 




















Total flow through slits; 8,087 9,097 9,725 9,047 10,519 11,793 41,849 12,741 





ne een UE EIS EE ESSERE SESE 
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Stability of 
the air-flow 
through 
the slits. 


Gross 
air-flow 
through 
the slits. 


The quan- 
tity of air 
delivered 
to each 
Member hy 
the slits. 
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Analysis. 

It is advisable to deal first with the result of tests 6 and 7 in the table. 
These tests were made on the same date, and were parts of an experiment 
made at Mr. Lempfert’s suggestion in order to investigate the stability 
of the air-flow through the slits during the same test. Both fans were 
put at maximum speed, and anemometer readings were taken at the slits 
in the ordinary way and then, after an interval of half an hour, repeated. 

The method adopted of describing the air-flow at the four blocks of 
penches is by means of a cross the limbs of which represent the gangways. 

The air-flow through the slits of the four blocks in the two tests was 
as follows :— 





Test A. Test B. 


Chair. 


3,965 2,953 





Govt. 


2,531 2,400 











In test A. therefore, the slits were found to be delivering 11,793 cubic 
feet of air per minute; and in test B., half an hour later, they were found 
to be delivering 11,849 cubic feet. . These results show very clearly that 
the air-flow at the slits is quite stable when the general conditions of the 
ventilation remain unaltered, and it may be added that the result of 
repeating tests with the same fan combination on different days has 
confirmed this conclusion. 


The gross air-flow through the slits recorded in the table is seen to 
vary according to fan speed from 8,087 cubic feet per minute with both 
fans at minimum speed, up to 12,741 cubic feet per minute when the input 
fan was at maximum and the. extract at minimum. 


The number of Members for whom there is seating accommodation in 
each block being known, it is simplest in dealing with the relative delivery 
of air by slit to each block to consider the results according to the amount 
of air delivered by this channel to each Member when all the seats of each 
block are occupied. 


The cubic feet of air distributed per minute by the slits to each 
nee in each block of benches when all the seats are occupied is as 
ollows :— 








Both Fans Medium Both Fans Maximum Input Fan Maximum 


Both Fans Minimum Speed. 





























Speed. Speed. Extract Minimum. 
Chair. 
30 28 36 31 AQ a7 46 44 
Govt. Opp. ave eee Bk a 
28 26 29 28 40 oT 42 45 
Bar. 
4-hour later. 
49 36 
40 33 
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As regards quantity of air per Member, therefore, the delivery at the 
slits is seen to be most active when the input fan is at maximum and the 
extract at minimum, under which conditions a mean of 44 cubic feet is 
delivered to each Member per minute. 


Regarding, in the second place, the comparative supply per Member 
in each block respectively, it is seen that the excess above (+) and 
below (—) the mean was as follows in each test :— 


Both Fans Medium Both Fans Maximum Input Fan Maximum 


























Both Fans Minimum Speed. Speed, Speed. Extract Minimum. 
Mean 40. Mean 44. 
+2 0 +5 0 +9 | -—3 +2 0 
0 | -—2 —2 | —3 0 | —3 — Regt — 








Total Variation 4. Total Variation 10. Total Variation 15. Total Variation Ds 


t-hour later. 








+9 4 
0 | “9 
Total Variation 10. 





It is seen from these figures that the total variation above and below 
the mean was least (1) when both fans were at minimum, and (2) when 
the inlet fan was at maximum and the extract at minimum—in other 
words, when the input of Terrace air most nearly approached the quantity 
extracted from the Debating Chamber, the best equalisation occurred in 
the Equalising Chamber. 


Considering, next, the relative distribution to the various blocks, it 
is seen that in all the tests an undue proportion of air. was delivered by 
the slits of the Government benches above the gangway. The reason of 
this excess 1s not far to seek, for in dealing with the air-flow through 
various parts of the Equalising Chamber it will be remembered that the 
circular gratings under this part of the Debating Chamber floor were 
found to be far more active than any of the others, and, further, that the 
cause of this excess was found to lie in the fact that below the gratings in 
question, both in the Battery Chamber and in the cotton-wool filter, the 
chief volume of Terrace air was found to be passing upwards. 


But when the present exceedingly unequal air entry at the floor of 
the Equalising Chamber is taken into account, and especially when it is 
remembered that the circular gratings under the Opposition side of the 
Debating Chamber are the feeblest of all as regards air-flow, the conclu- 
sion is unavoidable that, handicapped though it be at the present time, 
the Equalising Chamber is, nevertheless, an exceedingly efficient device. 


The fact, moreover, that the Equalising Chamber at present remedies 
the faults in the air-flow at its inlet to the remarkable extent that it does, 
is a most promising sign with regard to effecting improvement in the 
equalisation. For it is probable that the alterations in the air entry at 
the floor of the Equalising Chamber need only be of a comparatively minor 
description in order to get full equalisation of the Terrace air by the time 


The equali- 
sation of 
the 
delivery at 
the four 
blocks of 
benches. 


Cause of 
excess of 
air-flow 
through 
Govern- 
ment block 
above 
gangway. 


Testimony 
of the slits 
results to 
the 
efficiency 
of the 
Equalising 
Chamber. 
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that it reaches the floor of the Debating Chamber. Possibly the altera- 
tions suggested in the Battery Chamber may alone suffice for this purpose. 


(2.) THE EFFECT OF VARIOUS FACTORS ON THE AIR-FLOW THROUGH THE 
SLITS. 

A. The effect of the wire-gauze screen under the Government side 
of the Debating Chamber. 

B. The effect of the cotton-wool filter. 

C. The effect of opening the windows of the Debating Chamber. 

D. The proportion of Terrace air entering the Debating Chamber 
by the slits and by other channels, and the effect of carpeting 
the gangways. 


A. The effect of the Wire-Gauze Screen. 


It was proved in the Equalising Chamber that the wire gauze 
diminishes the upflow of air under the Government side. This action of 
the gauze is at present a welcome one, because it helps to dam back the 
too active upstream of air under the block of Benches above the gangway 
on this side. But that the inhibitory value of the gauze is not complete 
in effecting equalisation at this part, is seen from the observations at the 
slits which have been described, and in all of which this gauze was in 
position. 

In order to ascertain the value of the gauze more exactly, observations 
of the air-flow at the slits have been made with the gauze down and with 
it up, respectively. The results of these tests are contained in the 
following table :— 


Air-flow through the Slits with the Equalising Chamber Gauze off and 
on, respectively. 


Nov. 24th. 





Date au Soh Ae | July 11th. July 6th, July 12th, Oct. 16th. 


i 





July 27th. 








Wire Gauze Screen... | Notacting| Acting |Notacting| Acting |Notacting| Acting 
Input Fan ... igs Min. Min. Med. Med. Max. Max. . 
Extract Fan... Dee Min. Min. Med. Med. Max. Max. 


Inflow from Terrace 36,490 36,300 45,810 47,250 53,600 53,600. 
Inlet. 
Outflow trom Debat- 36,800 37,400 43,400 45,200 56,000 56,500 
ing Chamber. 


—— | ——_—— ———— | qe qe_ |e —_q“— | — 







































































Slits. 
Government Side 2,604 2,420 np fa 2) oor 4,898 3,965 
above Gangway. ' 
Government side be- 1,480 1,740 1,902 1,848 3,241 ook 
low Gangway. 
Total Govern- 4,084 4,160 5,135 4,780 8,139 6,496 
ment side. 
Slits. 
Opposition side above aires: 2,269 2,305 Boot 3,000 a. eae 
Gangway. ) 
Opposition side be- 1,558 1,658 1,960 1,780 3,110 2,400 
low Gangway. 
Fee Opposition 3,000 3,927 4,265 4,317 6,696 5,393 
side. 
wae Total by 7,417 8,087 9,400 9,097 14,835 11,849 
its. 
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Analysis. 


In comparing these results with the gauze in and out of action, 
respectively, it 1s best to compare the quantity of air delivered per Member 
per minute at each of the four blocks of Benches. 


When both fans were at minimum speed, the cubic feet of air delivered 
per Member per minute was as follows :— 








Gauze not Acting. ; Gauze Acting. ieee nauaeee 
speed, 
32 | 22 30 | 28 
Cae eee a - | 28 | 26 
Mean 25. Mean 28. 











5] 


The figures above and below the mean, therefore, are as follows :— 

















Gauze not Acting. Gauze Acting. 
+2 0 
0 | -2 
Total Variation 12. Total Variation 4. 








When the fans were at minimum speed, therefore, the effect of the 
gauze was distinctly to improve equalisation. 


The results obtained when the speed of both fans was increased to 
medium were as follows :— 


Cubic feet of air per Member per minute. 














Gauze not Acting. | Gauze Acting. Both fans 
medium 
speed. 

40 28 Al oF 
30 os 29 28 








*Mean 32. Mean 32. 
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The figures above and below the mean, therefore, were now as 




















follows :— 
Gauze not Acting. | Gauze Acting. 
+8 —4 +9 —I 
—2 —1 —3 | —4 
Total Variation 15. Total Variation 17. 


With increased fan speed, therefore, the equalising value of the gauze 




















disappeared. 
The results obtained when both fans were at maximum speed were as 
follows :— 
Both fans 
maximum Gauze not Acting. | Gauze Acting. 
speed. | 
61 44 49 | 36 
D2 50 40 38 
Mean 51, Mean 40. 





Variation above and below the mean :— 














Gauze not Acting. | Gauze Acting. 
+10 | —7 
+1 | —1 
Total Variation 18. Total Variation 15. 





At maximum speed of both fans, therefore, the equalising action of 
the gauze was but small. 


Inferences. 


The evidence of the air-flow through the slits goes to show that the 
gauze underneath the Government side of the Debating Chamber has a 
distinct value for improving equalisation when the fans are at lowest 
speed, but that this effect of the gauze disappears when the speed of both 
fans is increased. 


The equalising action of the gauze was, in short, best marked when 
the quantity of air impelled into the Debating Chamber most nearly 
balanced the quantity extracted thereform. 


The equalising value of the gauze, however, is entirely due to the fact 
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that the air entry into the floor of the Equalising Chamber under it on 
the Government side above the gangway is far too excessive—a fault due 
to insufficient distribution of the Terrace air in the Battery Chamber and 
cotton-wool filter below. 


_ When the faulty distribution in the Chambers below is remedied, it 
1s unlikely that the impeding action of the gauze will any longer be found 
to be of advantage. 


B. The effect of the Cotton-Wool Filter. 


On August 8th, when the effect of the cotton-wool filter on the distribu- 
tion of air in the Equalising Chamber was being examined, the oppor- 
tunity was also taken of examining its effect upon the flow of air through 
the slits in the Debating Chamber. 


It will be remembered that the effect of the cotton-wool filter on the 
Equalising Chamber was to diminish the total flow of Terrace air into 
the Equalising Chamber by some 20 per cent., but to improve the equalisa- 
tion of the air entry. 


The effect of the cotton-wool filter on the air-flow through the slits is 
seen from the following two experiments :— 


A. Control experiment. Cotton-Wool Filter off. (November 24th, 1905.) 


Input Fan—maximum. 
Extract FKan—minimum. 
Terrace inlet—54,000. 
Ceiling shutter—38,800. 






































Total Delivery at Slits. Air per Member. | Variation. 
3,746 | 3,555 46 44 +2 0 
2,614 | 2,826 42 45 —2 | +1 

Mean 44. Total Variation 5. 
B. Cotton-Wool Filter on. (August 8th, 1905.) 
Input Fan—maximum. 
Extract Fan—minimum. 
Terrace inlet—52,145. 
Ceiling shutter—40,400. 

Total Delivery at Slits. | Air per Member. | Variation. 
3,100 | 3,010 38 | 37 Ay PES 
2,012 | 2,019 32 32 —2 | -—2 

Mean 34. Total Variation 11. 





24080 2A 
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Inference. 


The effect of the cotton-wool filter, therefore, did not appear to be in 
the direction of improving equalisation in the Debating Chamber. This 
is at first sight surprising, as it produced such a marked improvement. in 
that respect at the inlet to the Equalising Chamber. The explanation, 
however, lies in the fact that the two experiments are not strictly com- 
parable, for, when the wool was on, the air-flow to the Debating Chamber 
was much reduced, and hence the extract fan was withdrawing far more 
air from the Debating Chamber than was passing in from the Equalising 
Chamber. The two experiments, therefore, are not strictly parallel, and 
no inference can be drawn from them. 


C. The effect of opening the Windows of the Debating Chamber on the 
Air-flow through the Slits. 


The results of a test: made to determine this matter are contained in 
the following table. During the test referred to, both fans were kept at 
the same medium speed, the amount of air entering at the Terrace inlet 
being 47,745 cubic feet per minute, and the outflow from the Debating 
Chamber being 48,320 :— 


The effect of opening the Windows of the Debating Chamber on the 
| Air-flow through the Slits. 


(August 2nd.) 












































ee Windows shut. | Windows open. | | Difference. 

Government Benches above Gangway ... BOLO 2,979 66 

Government Benches below Gangway_ ... 2,836 2,045 291 

Total Government Side ee ere a 5,0 24 ae: 
Opposition Benches above Gangway ee OR ie "2,629 nena ie. 

Opposition Benches below Gangway ... 2,210 1,985 | 225 

Total Opposition Side... a Jf Bon 4,6 van 4 457 
Total flow through Slits... 150 163807 5 G.esee & gee z. 











The effect of opening the windows, therefore, was to decrease the air 
entry by slit on the Government side by 225 cubic feet per minute, and on 
that of the Opposition by 457 cubie feet per minute, the total decrease for 
both sides being 682 cubic feet per minute. 


The cause of this decrease is that the pull on the slits from the extrac- 
tion fan is diminished by opening the windows of the Debating Chamber. 
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D. The proportion of Terrace air entering the Debating Chamber by the 
Slits and by Other Channels, respectively; and the effect thereon of 
Carpeting the Gangways. 


(1.) The proportion of Terrace air entering the Debating Chamber by the 
Slits and by Other Channels, respectively. 


The general area of inlet at the floor of the Debating Chamber is 
293 square feet, of which the slits provide 81 square feet. 


_ The proportion of Terrace air passing from the Equalising Chamber 
into the Debating Chamber by the slits and by elsewhere in four tests is 
seen from the data contained in the following table :— 


Comparison of the amount of Terrace air admitted to the Debating 
Chamber by the Slits and by Other Channels, respectively, on the 
same occasion. | 





== 





Daten its. ads ix a i Ae Aug. 2. Noy. 14. | Oct. 12. | Oct. 13. 
- Input Fan a ee re a Medium Medium Medium Medium 
Extract Fan |... oA rs tet Medium Medium Near Near 


Maximum Maximum 


Inflow at Terrace Inlet... | 47,745 44,325 46,035 45,720 


Outflow from Debating Chamber ... 48,320 (45,000) 54,000 53,000 

Air-flow from Equalising to De- 131,534 31,576 | 37,964 35,924 
bating Chamber. 

Portion of this Air entering by 10,320 | 10,776 9,725 9,047 
Slits. 

Portion entering by other Channels 21,214 20,800 28,239 26,877 
therefore. 

Percentage entering by Slits ch ieylae 34 25 2) 

Percentage entering by other 68 66 75 75 
Channels. 











_ It appears from these results that when the two fans are at medium 
speed, about one-third of the air enters by the slits; but that when the 
extract fan’s speed is increased, a larger proportion enters by the other 
channels from the Equalising Chamber than before, and the air entry by 
slit falls to one-fourth of the total. 


In a test made on August 8th, the effect of the cotton-wool filter on 
the relative air entry by slits and by the other channels can be seen. 
Particulars of this test are as follows :— 


Cotton-wool filter in action. Input fan maximum, extract minimum. 
Air passing from Equalising Chamber into Debating Chamber, 26,901 
cubic feet per minute; air entering by slits, 10,141; air entering by other 
channels, 16,760 cubic feet per minute. According to this experiment, 
therefore, the proportion of Terrace air entering by slit was about 37 per 
cent. 


_. The effect will now be described of replacing the string matting by 
carpet. 


~~ 34080° » SI9V a! ou , 2A2 


The 
Equalising 
Chamber 
inflow. 


The De- 
bating 
Chamber 
inflow. 


The effect 
of the car- 
pet on the 
air-flow via 
the slits. 
(a) Abso- 

‘ lutely. 
(b) Rela- 
tively. 


188 


(2.) The effect on the Slit supply of replacing the String Matting on the 
Gangways by Carpet. 


The results of two tests made to determine this matter are contained 


in the following table :— 


The effect of Carpeting the Gangways. 














No. 1 2 | 3 | 4 
Date Oct. 12 Oct. 12 Oct. 13 Oct. 13 
Covering of the gangways ... String Partially String Thoroughly 
Matting Carpeted. Matting Carpeted. 
(Control (Control 
test). (test). 
Input Fan Medium Medium Medium Medium 
Extract Fan ... Near Near Near ‘Near 
Maximum. | Maximum. | Maximum | Maximum. 
Air-flow into Equalising Chamber 39,042 39,286 39313 37,031 
Air-flow out of Equalising into 37,964 37,842 39,934 30,786 
Debating Chamber. 
Air-flow by Slits 9,725 11,765 9,047 11,817 
Air-flow by elsewhere 28,239 26,077 26,877 18,969 
Percentage entering Debating 25 31 25 38 
Chamber by Siit. 
Percentage entering Debating 75 69 15 62 


Chamber by elsewhere. 








In test 2 the carpet was put down on all the gangways except the 
centre gangway behind the Chair, which part was left bare. In test 4 
the whole surface of the gangways was carpeted. 


Analysis. 


The first point to be observed about these tests is that the air-flow into 
the Equalising Chamber remained practically constant throughout the 
first three tests. In the last test, although the inflow of air at the Terrace 
inlet was found to be unaltered as compared with the control, there was 
2,000 cubic feet per minute less entering the Equalising Chamber. This 
loss, however, is comparatively small. 


The air-flow to the Debating Chamber also remained practically 
constant until the last test, when the flow was diminished by 5,000 cubic 
feet per minute—a loss of 18 per cent. The air thus lost by the Debating 
Chamber passed laterally from the Equalising Chamber into the Division 
Lobbies owing to the increased resistance to the vertical flow through the 
floor of the Debating Chamber produced by the carpet. 


The effect of partial carpeting of the gangways was to increase the 
flow of air by the slits absolutely by 2,040 cubic feet per minute; and the 
efiect of complete carpeting was to increase this flow by 2,770 cubic feet 
per minute. 


When, however, the air-flow through the slits is viewed relatively to 
the total flow from Equalising to Debating Chamber, it is seen that the 
effect of partial carpeting of the gangways was only to increase the propor- 
tion of Equalising Chamber air entering the Debating Chamber via the 
slits by 6 per cent.; and when the gangways were completely carpeted 
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the rise was increased until 13 per cent. of the whole Equalising Chamber 
air entered by the slits. 

The effect of carpeting the gangways on the gross air-flow through the 
slits is not so great as might have been expected. Although when viewed 
by itself, the increase in the delivery by the slits seems to be large, this 
increase is found to be but small in relation to the whole quantity of air 
passing from the Equalising into the Debating Chamber. The proportion 
of the whole equalising air-flow passing by slit was only increased by 
6 per cent. when the gangways were partially carpeted, and by 13 per cent. 
when the carpeting was complete. In the latter case, however, the total 
flow into the Debating Chamber from the Equalising Chamber was 
decreased by 18 per cent. 

The effect of carpeting the gangways on the distribution by the slits 





























of the four blocks of Benches, respectively, is seen from the following :— 
aa Air-flow. | Air per Member. | Variation. 
(A) Control) Expt. sag 2,750 38 | 34 
String Matting. 
(October 12th). 
1,878 | 1,984 30 o2 
Mean 33. 
(B) Gangways  par- 3,486 | 3,477 43 | 43 +3 +3 
tially carpeted. 
(October 12th). 
2,302 | 2,500 37 40 —3 0 
Mean 40. Total Variation 9. 











From the point of view of air per Member on the Benches, therefore, 
there was a mean rise from 33 cubic feet of air per minute to 40, when 
the gangways were partially carpeted. The distribution effect of the 
carpet is what might have been anticipated. The Opposition block above 
the gangway now shares the excess of the Government block opposite it, 
and the Irish Benches also get a rise, with the result that the Opposition 
now get more Terrace air than the Government. The total variation above 
and below the mean with either string or carpet comes out about the 
same. 



































ae : Air-flow. | Air per Member. Variation, 
String Matting. 
(October 13th.) 
1,882 | 1,743 30 28 —1 —3 
Mean 31. Total Variation 9. 
(D) Gangways com- 3,609 | 3,402 45 | 4° +5 +2 
pletely carpeted. . 
(October 13th.) 
2,029 | 2,477 37 OY =a =) 
Mean 40. Total Variation 11, 








Con- 
clusion. 


Effect of 
carpet on 
the distri- 
bution to 
the four 
blocks of 
benches. 
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The supply of air per Member, therefore, rose to practically the same 
extent as before. Again the Opposition side got more air than the 
Government when the carpet was down, and again the Government block 
below the gangway was the worst affected by this covering up of the 
geangeways. 


The reason why the Opposition side get more air than the Government 
side of the Debating Chamber when the gangways are carpeted is clearly 
because of the increased resistance on the Government side produced by 
the wire gauze. 


(3.) BRIEF SUMMARY OF THE CHIEF RESULTS OF OBSERVATIONS MADE AT 
THE SLITS. 


When both fans are at minimum speed, the air-flow is well equalised 
at all the four blocks of Benches; a mean supply of 28 cubic feet of air 
per Member being obtained at each. 


The best delivery of air by the slits is when the input fan is at 
inaximum and the extract at minimum speed, under which conditions a 
mean delivery is obtained at the slits of 44 cubic feet of air per Member per 
minute, and the flow is well equalised in the four blocks. 


The Government block of Benches above the gangway gets more air by 
slit than the other blocks. The cause of this undoubtedly lies in the fact 
that there is an excessive upflow of air into the Equalising Chamber under- 
neath the block of Benches in question. 


For the latter reason the wire gauze under the Government side of the 
Debating Chamber is at present of value for helping equalisation, pro- 
vided that the extract fan be kept at its minimum. Unless the supply of 
Terrace air is sufficient to replace the air extracted by the extract fan 
from the Debating Chamber however, this gauze does not appear to be 
of any value for equalising purposes. 


The result of the single experiment made to ascertain the effect of . 
the cotton-wool filter on the distribution at the slits of the four blocks of 
Benches, imphes that the filter had no beneficial effect to speak of in 
this sense; but it must be remembered that the extract was far in excess 
of the input in this experiment, and that, therefore, its result is 
inconclusive. 


The opening of the windows in the Debating Chamber by lessening 
the pull of the extract fan on the floor, decreased the flow of air upwards 
through the slits. 


The effect of carpeting the gangways was to increase the air-flow 
through the slits, but not to the extent that might have been anticipated. 
It must be remembered, however, that the valance delivery has also to be 
added to the slit delivery. When the carpeting was complete, the upflow 
of air from the Equalising Chamber into the Debating Chamber was 
decreased by 18 per cent. The air thus lost from the Debating Chamber 
was gained by the Division Lobbies. 


When the gangways were carpeted, rather more air entered by the 
Bench inlets on the Opposition side of the House than on that of the 
Government—an effect due to the increased resistance on the Government 
side caused by the wire gauze. | 
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(4.) THE AIR-FLOW THROUGH THE VALANCE INLETS, AND 
THE TOTAL DELIVERY OF AIR AT THE BENCHES BY 
BOTH SLIT AND VALANCE. 


(1.) Brief description of valance inlet. 
(2.) The comparative air-flow by slit and valance in the same test. 


(3.) The total quantity of air delivered to Members on each block 
of benches by both slit and valance inlets. 


(4.) The effect upon the air-flow into the Debating Chamber of lift- 
ing up all the valances. 


(5.) Brief summary of the result of observations at the valances. 


(1.) THe Vauance INLET. 


The valances, or curtains hanging down from the under surface of the 
seats, terminate at a distance of 14 inch from the floor by a fringed 
extremity, and the clear space thus left free for the egress of air at the 
level of the heels of Members’ boots is known as the valance inlet. When 
the ventilation is on, good readings are obtained by exposing the wheel of 
the anemometer to the air flowing out through this space below the 
valance. | 


The total area of the valance inlet on either side of the Debating 
Chamber is 39 square feet. The area of inlet in question is thus about 
half the area of the inlet at the slits which amounts on either side of the 
chamber to 81 square feet. 


Since the average height of the valance inlet is but 14 inch, and the 
width of the wheel of the anemometer is 3 inches, anemometer readings 
at the valances must, of necessity, be more liable to error than readings 
obtained at the slits. The question of the extra correction needed for the 
valance readings was examined into by Mr. Patey at some length, and his 
observations, which have been previously described, led to the belief that 
the reading given by the anemometer at the valance inlet under ordinary 
conditions is about two-thirds of the reading that the anemometer would 
give were the whole of the surface of its wheel exposed to a current of 
the same velocity as that issuing from the valance inlet. The velocities 
found by anemometer at the valances, therefore, have had one-third of the 
reading added to them before adding the necessary Kew correction for the 
instrument. 


(2.) Toe Comparative Arr-FLow By SLIT AND VALANCE IN THE SAME TEST. 


The results of four tests in which the air-flow through both slits and 
valances was observed on the same occasion, are seen from the following 
table. 
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Air-flow through Slits and Valances at the samé Time. 





















































No. a ase see Bac eee nes | 1 | 2 | 3 | 4 
Conditions... i — a Test Test Control Gangways 
thoroughly 
carpeted. 
Date ... Orr oP is nee July 17 Nov. 24 Oct. 16 Oct. oho, 
Input Fan... eh a nee Near Maximum Medium Medium. 
Maximum. 
Extract Fan ... me es Ps Near Minimum Medium Medium. 
Medium. 
Inflow at Terrace Inlet... = 54,540 54,000 47,250 47 250 
Outflow from Debating Chamber... 48,370 38,800 47,200 47,200 
Government Block | Slit ... hs 3,36 3,746 2,932 4,291 
above } 
Gangway. Valance... 1,170 1,414 1,241 2,009 
Government Block ( Slit ... ahs 2,273 2,614 1,848 2,796 
below 
Gangway. | Valance... 905 1,392 899 1,634 
Total Slight. eS 5,142 6,560 4,780 7,087 
Government 
side. Valance... 2,075 2,806 2,140 3,643 
Opposition Block Slit ... ce 2,773 3,555 2,537 3,388 
above 
Gangway. { Valanee_... 1,228 1,807 1,268 2,223 
Opposition Block ({ Slit ... os 2,064 2,826 1,780 329 
below 
Gangway. Valance... 809 1,524 902 dont 
Total ( Slit ss Eh 4,777 6,381 4,317 6,519 
Opposition : 
Side. ( Valance... 2,037 3,331 2,170 3,780 
Total both rl Eh oh 10,519 12,741 9,097 13,604 
Sides. Valance... 4,112 6,137 4,310 7,423 
Grand Total to Benches «| ‘14,631 18,878 13,407 21,027 
Analysis. 


Paint ve It appears from these results that when the string matting was on the 
air-flow by gangways as usual, the total delivery of air by slits and valances respectively 


Slitand —_ was as follows, at ‘the different fan speeds examined. 
Valance. 
Ip 


Input fan, near maximum. 
Extract fan, near medium. 


Government side, slits vin BO TAD 

5  valances 2,075 

Opposition side, slits one dk 

se »  valances ... 2,037 
Total slits a sae ap ... 10,519 


5, ‘valancesaic.. te fe. woo 4,112 


Grand total to benches ... ... 14,681 


193 


II. 


Input fan, maximum. 
Extract, minimum. 








Government side, slits ... 6,360 
»  valances 2,806 
Opposition side, slits ... 6,381 
i, »  valances ... 3,331 
Total slits wr, mre oar, a 2 ek 
y, walances =... by. Set poeta, Gk, 
Grand total to benches ... cepa (ofte its. 
Il. 


Input fan, medium. 
Extract:-fan.—;, 





Government side, slits ied 74,780 
i; »  valances 2,140 
Opposition side, slits ele Realy 
* Pamevalauces,...... 2,170 

Total slits pe rr 1%, oe i aia, 97, 

» Valances... “oe hi OER SKY) 

Grand total to benches ... ... 18,407 





It is seen from these three tests that the air-flow through the valances 
is about half the flow through the slits, a proportion that corresponds to 
the relative area of these two inlets. 


The air-flow through both slits and valances was most active when the 
fans were most nearly balanced, viz., in Test II., when the input was at 
maximum and the extract at minimum. 


The effect of carpeting the gangways is seen by comparing the last test 
(III.) with the following :— 
EV. 
Gangways now carpeted. 
Input fan, medium. 
Extrachian, 16, 





Government side, slits ena 0d 
9 »  valances 3,643 
Opposition side, slits er tty 
ni , valances ... .3,780 

Total slits gut ra as ... 138,604 

», valances ... eds Sd hsguith tos 

Grand total to benches ... vee Oe 





The effect of carpeting the gangways, therefore, was to increase the 
flow at the bench inlets by one-third, and the flow by the valance inlets 
appears to have been increased far more in proportion than the flow by 
the slits. The explanation is that the valance inlets became somewhat 
dilated by the increased pressure. 
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The air The air-supply per Member at each block of benches in these tests 
supply per by slit and valance respectively was as follows :— 

Member by . 

Slit and 

Valance re- Fans. 

spectively. 


Input, near maximum. 
Extract, near medium. 


























Slits. Valances. 
42 34 14 15 
38 33 14 13 
Mean 36. Mean 14. 

Fans. 


Input, maximum. 
Extract, minimum. 





























Slits. Valances. 
46 44 ee 22 
42 45 22 24 
Mean 44. Mean 21. 





Both Fans, Medium. 


























Slits. ; Valances. 
36 31 vhs | 15 
29 28 14 14 








Mean 31. Mean 14. 





Ditto, but Carpet on Gangways. 








° Slits. Valances. 
53 42 25 27 














45 





50 26 | 29 


Mean 47, Mean 25. 
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Unce again it is seen from these figures that the volume of air supplied 
by the valance inlets is approximately half the volume supplied by the 
slits under the same conditions. 


(3.) THe TotaL.VoLuME oF AiR DELIVERED PER MEMBER AT EACH OF THE 
Buocks oF BENCHES BY BOTH INLETS. 


The cubic feet of air supplied per Member per minute by both inlets 
in all four tests referred to is, therefore, as follows:— 


























. 2. 3. 4, 
Input Maximum. Input Maximum. Input Medium. Same Conditions as in 3, 
Extract Medium. Extrect Minimum. Extract Medium. but Gangways carpeted. 
56 D0 64 67 52 AT 78 70 
52 (46 64 70 44 43 71 73 
Mean 51. Mean 66. Mean 46. Mean 73. 











With the string matting, therefore, on the gangways, the best delivery 
of air at the benches took place in Test II. when the input was at maximum, 
and the extract at minimum, and a mean delivery of 66 cubic feet of air per 
member was obtained. The effect of carpeting the gangways was to raise 
the delivery from 46 to 73 cubic feet per minute in the test in which this 
was examined. 





(4.) THe EFFrectT ON THE AIR-FLOW INTO THE DEBATING CHAMBER OF LIFTING 
| UP ALL THE V ALANCES. 


Before proceeding to describe the result of the next two tests, it is 
necessary to state exactly what difference in the area of inlet at the floor 
of the Debating Chamber resulted from the alterations made. 


The total area of inlet in the floor of the Debating Chamber is 293 
square feet, and of this the gangways contribute 173 square feet, and the 
bench inlets 120 square feet. When the valances are hanging down as 
usual, the valance inlets contribute to the bench area of inlet 39 square 
feet. 


But when the valances are all raised, the valance inlet area is increased 
to 211°8 square feet on either side of the Debating Chamber, or altogether 
to 423°6 square feet. The total area of inlet at the floor of the Debating 
Chamber, when all the valances are raised, therefore, is 677 square feet, of 
which the valances and slits contribute 504 square feet, and the gangways, 
&¢., 173 square feet. The bench inlets, however, have the advantage ove” 
the gangway inlets that there is no string matting or other material over 
the grating under the seats. 


Eaperiment I. 


This test was made on August 14th. Both fans were put at medium 
speed, and all the valances in the Debating Chamber were lifted up and 
tucked under the cushions of the seats. 


From observations in the Equalising Chamber it was found that 35,574 
24080 2B2 


Gross 
quantity of 
air per 
Member 

at the 
benches. 
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cubic feet of air was passing into the Debating Chamber theréfrom per 
minute. 


The total quantity of air found to be entering the Debating Chamber 
by the bench inlets was as follows:— 





Slits id wros va eguovush so Bysoad 4,376 
Valances ae nA ra -.. 9 91,420 
Total by bench inlets ... pres 15 YA) 





In other words the whole of the air entering the Debating Chamber 
from the Equalising Chamber was now accounted for at the benches. 


The distribution of this air over the four blocks of benches was as 
follows :— 














Slits. | Valances. | Both together. 
1.5054) 999 10,376 | 8,007 11,881] 9,006 
838 | 1,034 5,402] 7,635 6,240 | 8,669 














The cubic feet of air delivered per member per minute at the blocks 




















was :— 
Slits. | Valances. | Both together. 
18 12 129 100 148 112 
13 16 87 123 100 189 











Mean 14. Mean 109. | Mean 124, 








The fact that the Opposition benches below the gangway got second 
best supply of air per Member by the valance inlet is remarkable. 


® 


The Effect on the Air Supply of the Division Lobbies of Dropping the 
Valances in the Debating Chamber. 


_ While the valances were all raised up in this test, 5,313 cubic feet of 
air was found to be passing per minute from the Equalising Chamber 
into the Division Lobbies. At the end of the experiment all the valances 
in the Debating Chamber were dropped back into their usual position. 
The air-flow from the Equalising Chamber into the Division Lobbies now 
measured 7,953 cubic feet per minute. The result of dropping the valances, 
therefore, was to increase the lateral air-flow from the Equalising Chamber 
into the Division Lobbies by 2,640 cubic feet per minute. 
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Experiment II. 


On November 14th, a control experiment was first made with the 
valances all down, and then the experiment of raising the valances was 
repeated. The result of this test is seen in the following table. 








Position of Valances. Down, Up. 
Input Fan .... tae as a, ve Medium Medium 
Extract Fan ... Ais es has 7 ee Medium Medium 
Inflow at Terrace Inlet... os Kd <A 44,315 44,325 
Air-flow to Equalising Chamber ... as hs 39,812 33,414 
Air-flow to Division Lobbies Fo, aa Fe 4,236 1,734 
Air-flow to Debating Chamber... el hes 31,576 31,680 
By Slits of Debating Chamber .... — Be 10,776 4,656 
By Valances ... a ao oe — e. 5,085 29,183 
Total Flow by Bench Inlets aoe en a 15,861 29,839 
Air-flow by Gangways, &c.... ws i* af 14,531 472 











It is seen from these results that the air-flow into the Debating Chamber 
was practically equal in the two tests, and that, as in the previous test, 
on August 14th, when the valances were raised, practically the whole of 
the air passing from the Equalising Chamber into the Debating Chamber 
was accounted for at the bench inlets. 


The distribution of the air over the four blocks of benches in the two 
tests on November 14th was as follows:— 


Experiment A (Valances down). 








Slits. | Valances. | Both together. 
3,060 | 3,076 1,376 | 1,338 1435 4.414 
2,162 | 2,478 1,154 | 1,217 san6| 3,695 

















Experiment B (Valances all up). 








Slits. | Valances. | Both together, 











1,488 | 1,292 6,985 | 7,159 8,473 | 8,451 
960 | 916 5,412 | 5,627 6,372 | 6,543 
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Cubic feet of air delivered per member at the four blocks ot benches. 
was as follows :— 


A. Valances down. 






























































Slits. Valances. | Both together. 
38 | 38 17 | 16 8) DD 
34 39 16 19 63 59 
Mean 37. Mean 17. Mean 58. 

B. Valances up. 

Slits | Valances. | Both together. 
18 16 87 | 89 105 105 
15 14 87 90 1.02.4 Veale 
Mean 15. Mean 88. Mean 104. 











The quantity of air delivered per Member at the benches was rather 
smaller in this experiment with the valances up, than in the previous. 
experiment on August 14th, when the valances were raised. The reason of 
the difference lies in the fact that 4,000 more cubic feet of air entered the . 
Debating Chamber per minute in the previous test. 


The equalisation, however, was better in the present test with the 
valances up than on August 14th, and though the Opposition side get more 
air than the Government sideas before, the difference was so small that it 
may be neglected. 


The Effect of Raising the Valances on the Air Supply to the Division 
Lobbies. 


On: August the 14th, when the valances were dropped, 2,640 cubic 
feet more air passed into the Division Lobbies than when the valances. 
were all raised. In the present experiment the reverse test was made, 
2.é., the air-flow to the Division Lobbies was first measured with the valances: 
all down, and secondly, with them all up, with the result that when the 
valances were raised the air-flow to the Division Lobbies was found to be 
diminished by 2,502 cubic feet per minute. The effect, therefore, of the 
valances on the air-flow to the Debating Chamber was practically the same. 
on both occasions. 


Inference. 


When the valances in the Debating Chamber are raised, practically 
the whole of the Terrace air passing into the Debating Chamber enters it by 
the bench inlets. 
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(5.) Brier SUMMARY OF THE RESULT OF OBSERVATIONS AT THE VALANCE INLETS. 


When the valances are in the usual position, the air-flow through the 
valance inlets is about half the flow through the slits on the same occasion. 


When string matting was on the gangways the best delivery of air at 
the benches occurred when the input fan was at maximum speed, and the 
extract at minimum. Under these conditions, a total of 66 cubic feet of 
air was delivered per minute by both the inlets at each Member’s seat. 


Carpeting the gangways increased the delivery of air at the benches 
by about one-third, and the increased delivery was more marked at the 
valances than at the slits. This was due to the valance inlets being 
expanded by the increased pressure of the air, 


When the valances in the Debating Chamber are all lifted up, practi- 
cally the whole of the air passing from the Equalising into the Debating 
Chamber appears to flow through the inlets at the benches, even though 
string matting be on the gangways. 
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_5. THE AIR-FLOW THROUGH THE PANELS OF THE DEBATING 
CHAMBER FLOOR AREA. 


ad The panels in question are 20 in number, and are situated as 
follows :—4 at the Bar end of the Debating Chamber; 14 in the sides of 
the table, and 2 at the Chair end of the Debating Chamber. Owing to the 
large part of their area composed of carving, the area of inlet of the 
20 panels only amounts altogether to about 12°5 square feet. 


On October 16th, both fans being at medium speed, the air-flow 
through these panels was observed (a) when string matting was on the 
gangways, (b) when the gangways were carpeted. The volume of air 
entering the Debating Chamber through the whole of the panels came to 
the following figures :— 


(A.) With string matting on the oangways 1,260 cubic feet of air 
per minute. 


(B.) With carpet on the ganeways 2,010 cubic feet of air per minute. 


In the former case the air-flow at the benches was as follows :— — 


Bite 1). hs wat fe ‘pp 9,097 
Valances th.. (3! me nl 4,310 





ote Lenore. iy, ee Se 1S A407 





When the gangways were carpeted the air-flow at the benches was :— 
eile s., he es be ... 18,604 


Valances ee cm ae nae 7,423 





OLA lesen ey ee Dal? v6 
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6. THE AIR-FLOW THROUGH THE SHAFTS TO THE MEMBERS’ 
GALLERIES. 


The Members’ Gallery seats 54 persons on either side of the House, or,. 
altogether, 108. 


Shafts, four in number, and varying in sectional area from 0°8 to 18 
square feet, spring from the sides of the Equalising Chamber between the 
“ port-hole ” openings to the Division Lobbies, and rise up in the wall on 
either side of the Debating Chamber to terminate under the seats of the 
Members’ Gallery. 


The air-flow through these shafts has been examined on a number of 
occasions in the Equalising Chamber by placing an anemometer well inside 
the rising part of each shaft. The air-flows observed are seen in the 
following table :— 


Air-flow through the Members’ Gallery Shafts. 


























Date... see wee “ae | July 31. | July 31. | Aug. 1. | Aug. 1.| Nov. 3.} Nov. 3.| Aug. | Nov. 14. 

Input Fan ag oof 0 0 Max. | Max.| Max.|} Max.| Med.| Med. 

Extract Fan. ... is 0 Max. 0 Max.| Max.| Min. | Med.| Med. 

Members’ Gallery, Shafts, 0 —262 674 581 | 597 | 585} 549 696 
Government Side. 

Members’ Gallery, Shafts, 0 —671 611 721 | 588 | 451 | 428 485 
Opposition Side. 

Total Air flow through 0 —933 1,285 11,302 | 1,185..| 1036,|. Sits od Loe 
Shafts. 4 
No. of persons for whom 0 25 26 20 29 19 23 

supply of air sufficient. 
Remarks sei ... | Control | Down- |Division 
, test. flow. |Lobbies’ 
_ best 
supply 
here. 

















It will be remembered that when the extract fan alone was acting, 
and at maximum, a downflow of air occurred from the Division Lobbies 
into the Equalising Chamber. The Members’ Gallery shafts, which open 


between the lobby inlets, also had a downflow in this case as is seen from 
the table. 


The best supply of air to the Division Lobbies occurred when the input 
fan alone was acting, and at maximum. Under this condition also the 


Hea Gallery shafts were almost at their maximum as regards air- 
Ow. 


The quantity of air passing through the shafts was sufficient for from 
19-25 persons. 
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The effect of Carpeting the Ganqways in the Debating Chamber on the 
Air-flow through the Members’ Gallery Shafts is seen in the 
following table :— | 








Date AS or aoe aa ... | October 12. | October 12. October 13. | October 13. lOctober Le 


| 
Gangways of Debating Chamber | Partially | String | Thoroughly | String | String 
Carpeted.) Matting.-| Carpeted. | Matting Matting. 
Input Fan are ens .. | Medium | Medium. Medium | Medium “Medium 
Extract Fan - ver ... |Maximum | Maximum; Maximum | Nieirauyh Medium 
Members’ Gallery Shafts, 453 d16 612 | 484 | a72 


Government side. 


Members* Gallery Shafts, | 417 | Ofen d| Da | 3d9 410) 
Opposition side. | 














Total L ah R70: ie th Ge ge895 yas. th 873 989 











7 ae Vi 19 





oe 
~l] 


No. of persons for whom supply | 
of air sufficient. | 

















* The extract diminished in this test. 


From these results it appears that when the gangways are thoroughly 
carpeted the Members’ Gallery shafts supply rather more air, but that 
when the carpeting is imperfect no such improvement takes place. 


It is also seen from the last test in the table that when the extract 
fan’s speed was slowed down, the air-flow up these shafts increased. 


Inference. 


Under no conditions examined did the quantity of air passing up 
these shafts suffice for more than 25 persons. Yet the galleries to which 
they go seat 108. It must be added, however, that according to the smoke 
tests the Members’ Galleries get more fresh air from the body of the 
Debating Chamber than do the other galleries: 
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7 THE EFFECTIVE AREA OF OUTLET FROM THE DEBATING 
CHAMBER. 


Air is extracted from the Debating Chamber by three channels: 
(1) through the grille of the Speaker’s and Ladies’ Gallery, (2) through 
the open spaces between the raised panels of the ceiling and their supports, 
and (3) through the gas-burner extraction which operates at the middle 
part of the ceiling. 


_(1.) THE EXTRACTION THROUGH THE LADIES’ AND SPEAKER'S GALLERY. 


ie Aar from the Debating Chamber enters the Ladies’ and Speaker’s - 
Gallery through the grille, and is extracted through the ceiling of the 
gallery into a chamber above. J’rom this chamber the air passes through 
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a small area to the air-space above the panels of the ceiling. The extract 
fan at the opposite end of the ceiling is the agency relied upon for 
extracting air from these galleries. saint piiavolio 


| An opening through which the vitiated air from the Ladies’ and 
Speaker’s Gallery passes to join the vitiated air extracted through the 
panels of the ceiling by the extract fan is a convenient spot at which to 
measure the extraction from both these galleries. Three observations of 
this matter are recorded in the following table :— 


The volume of Air extracted from the Ladies and Speaker's Gallery. | 








Date ... ae ah aes i ase June 7. June 27. August 3. 

Input Fan... ie te Ks: 0 0) Maximum 

xtract Fan) &.. ae a ae Minimum Medium Maximum 

Air extracted from both Galleries .. | 2,185 2,261 2,698 

Total ceiling extract by extract | 40,000 48,460 56,360 
Fan on same occasion. 








On the last occasion, August 3rd, a careful survey was made of both 
the Ladies’ and Speaker’s Gallery ceiling from above. Actual anemo- 
meter readings obtainable showed 608 cubic feet passing out from the 
Ladies’ Gallery, and 524 cubic feet from the Speaker’s Gallery per minute. 
Owing to structural difficulties, the remaining 1,566 cubic feet of air 
passing out from these galleries escaped measurement at this point. 


Seating accommodation is provided in the Ladies’ Gallery for 42, and 
in the Speaker’s Gallery for 24; a total of 66. The extraction, therefore, 
when working at its maximum would withdraw 40 cubic feet of air for 
each of the 66 occupants of these galleries. According to the 50 cubie 
feet per minute standard, therefore, the present maximum extraction is 
sufficient for 53 persons in the two galleries in question. . 


The extraction from the Ladies’ and Speaker’s Gallery, therefore, 
is not sufficient if both galleries are crowded to the full. 


One of the suggestions recommended is to provide the Ladies’ and — 
Speaker’s Galleries with a fresh air supply of their own, and to extract 
these galleries through the grille.* ; 


(2.) THE EXTRACTION THROUGH THE SPACES BETWEEN THE PANELS OF THE 
CEILING. 


On the same occasion as the last test (August 8rd), anemometer 
observations were made over the spaces between the panels of the ceiling. 
These openings are each 3 feet long by 24 inches wide, thus providing a 





* This recommendation is about to be carried out. 
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superficial outlet area of 1:5 square feet. The velocity of the air observed 
issuing at these outlets is seen in the following diagram :— 


Diagram of Upper Surface of Ceiling of Debating Chamber showing 
velocity of Air issuing at Raised Panels. 


Air spece over Ladies’ 
Gallery. 


x Chair end. 


Portion 
of. Ceil- 
Government. |_| ing giv- BY ETS Ons nosition: 
en up to 
gas ex- 


traction} 


i Bar end. 





Extract Fan. 


. The numbers indicate the velocity (feet per minute) of air issuing at 
various points. 


As was to be expected, higher velocity readings were obtained at the 
Bar end of the ceiling owing to its being nearer to the extract fan. 


As each of the openings at which the velocities shown in the diagram 
were obtained, has an area of 1°5 square feet, well over 100 cubic feet per 
minute was being extracted at all these outlets. 


This result is very satisfactory. It shows that the extract fan 
operates all over the panelled parts of the ceiling, and that even at the 
Chair end, over 100 cubic feet of air can be extracted from each opening 
between the panels per minute. 


3. THe GAs EXTRACTION. 


No observations were made of this during the present enquiry. In 
1904, however, Mr. Patey made some observations of the air-flow through 
the large tubes in which the gas fumes are conveyed away, and he found 
that according to the quantity of air then being extracted, the gas extrac- 
tion alone was sufficient to change the air of the Debating Chamber 
1-14 times per hour. As the cubic capacity of the Debating Chamber is - 
estimated at 165,000 cubic feet, the amount withdrawn by the gas 
extraction would appear to be about 2,750 cubic feet per minute. 


24080 ees 


Floor of 
Debating 
Chamber, 


Galleries. 
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Inference. 


The present extraction from the Ladies’ and Speaker’s Gallery is not 
sufficient when these galleries are crowded, as they sometimes are. The 
extraction from the Debating Chamber, however, is at present very active 
on all four sides of the ceiling. It has been previously shown that the 
area of outlet from the Debating Chamber is far in advance of the area 
of inlet as regards general air-flow. 


Distribution (8). 
8. THE RESULT OF SMOKE TESTS. 


The method employed has been to generate smoke at the Terrace inlet 
immediately before the washing screen the water of which was turned off. 
After a minute or two, the smoke-tinged Terrace air reaches the Debating 
Chamber, and its distribution can then be observed. 


(1.) THE DISTRIBUTION OF TERRACE AIR WITHIN THE DEBATING CHAMBER 
IN CIRCUMSTANCES SUCH AS THOSE UNDER WHICH THE HOUSE 
USUALLY sITs. [Smoke test photograph No. 1.] 


With both fans at medium speed, and conditions generally such as 
those under which the House usually sits, it has been found invariably 
that the smoky air from the Terrace inlet first appears in the Debating 
Chamber along the centre gangway; and that it is not until this smoky 
air has ascended to a height of 12 feet or so above the gangway, that smoke 
is seen issuing from the inlets at the Benches. 


Gradually, however, smoke issues from the inlets of all the benches; 
from the back benches as well as those in front. 


The Permanent Officials’ seats, at each end of the Debating Chamber, 
under the gallery, get comparatively little of the smoky air by reason no 
doubt of the impervious carpet which is here laid over the grating of 
which the floor consists. If that carpet is lifted up, however, good velocity 
readings can be obtained with the anemometer over the grating at this 
part. 


According to the smoke tests, the best ventilated part of the Debating 
Chamber floor area under present conditions when the House is sitting 1s 
the centre gangway. al | 


The Ladies’ and Speaker’s Gallery escapes the Terrace smoke to a 
creat extent. Pe i | auld 


_. The Press Gallery is also shown by the smoke test to get comparatively, 
little Terrace air. : 


The Members’ Galleries, on either side of the Debating Chamber, are 
somewhat better off than the other galleries, although a good deal of the 
Terrace air that reaches them descends from the ceiling rather than ascends 
from below. 


The Distinguished Strangers’ Gallery, and the Strangers’ Gallery, 
behind it, do not appear to derive the advantage from the extraction that. 
had been anticipated from their nearness to the extract fan. The smoke 
appears to hang about over these galleries for some time; and it also 
lingers at the corners of the Chamber at the opposite end by the grille of 
the Ladies’ Gallery. Even when a panel of the ceiling over the Strangers’ 
Gallery was raised, the smoke over the Strangers’ Gallery did not. 
disappear so speedily as might have been expected. 
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It has been previously mentioned that the horizontal area of the cavity 
of the Debating Chamber is, at the level of the heads of Members sitting 
on the Benches, 3,090 square feet; at the gallery rail, 1,731 square feet; 
and at the orille of the Ladies’ and Strangers’ Galleries, 3,895 square feet. 
The smoke tests indicate that the narrowing of the area of the Debating 
~Chamber caused by the projecting of the galleries, tends to constrict the 
upward current of Terrace air, and although ‘some of this air is reflected 
from the ceiling and descends again so that the atmosphere of the Chamber 
gradually becomes charged with smoke—except, perhaps, the atmosphere 
of the Press and Ladies’ Galleries—such passage of fresh air as these 
smoke tests have demonstrated to obtain, is a most crude and unsatisfactory 
affair. 


The smoke tests, in fact, demonstrate that under present working 
conditions, the freshness of the air supplied to the Debating Chamber from 
the Terrace inlet is not likely to be evident to the occupants of the 
Permanent Officials’ seats, and even less so to the occupants of the galleries. 
The Members are much better off than their visitors. It would seem also 
that the freshness of the atmosphere of the Debating Chamber is likely 
to be least, perceptible of all in the Press, and in the Ladies’ and Speaker’s 
Galleries. 





2. THE EFFECT OF SUBSTITUTING CARPET FOR THE STRING MATTING ON THE 
GAaNnGways. [Smoke test photographs 2 and 3.] 


The contrast produced by this change is striking. Smoke is now seen 
spreading from the Bench inlets, and it curls up on either side of the 
Debating Chamber over the projecting rail of the Members’ Gallery. But 
while the Members are clearly benefited by the carpeting of the gangways, 
the galleries at either end of the Debating Chamber do not even now 
seem to get their due proportion of fresh air from the Terrace. 


The smoke tests, in short, indicate that the Ladies’ and Speaker’s 
Gallery and the Press Gallery at the one end of the Debating Chamber, 
and the Strangers’ and other galleries at the opposite end, will only get 
their due proportion of fresh air by conveying it to them direct. This 
was Brtfonbtedly the intention of Dr.-Reid when he designed the present 
system; as may be seen from his book. 


3. THE RESULTS OF A SMOKE TEST IN THE LADIES’ AND SPEAKER'S 
GALLERY. 


On generating smoke in the Ladies’ Gallery it has been found that 
although the extract fan was at maximum speed, the smoke was very 
stagnant in this gallery. The smoke does not diffuse out through the 
grille into the atmosphere of the Debating Chamber, and it is many 
minutes before the gallery becomes free of it. 


On the other hand, if the door and windows at the back of this gallery 
are opened, the extract fan is now found to draw the smoke out through 


the grille and up through the spaces between the panels of the ceiling of 
the Debating Chamber. 


These results indicate that if.a channel were to be opened by which 
fresh air could be conveyed from below to the back of the Ladies’ Gallery, 
the extract fan would extract a large portion of this air through the 
erille. A shaft already in existence could be made use of for this. purpose. 


Ths question whether the present extract from this gallery should 
also be retained, and further details, can be decided best as actual 
experiment. 
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‘4. THE RESULT OF SMOKE TEST TO DETERMINE THE DISTRIBUTION WITHIN 
THE DEBATING CHAMBER OF FRESH AIR ADMITTED FROM WITHOUT BY 
OPENING THE WINDOWS. 


This matter has been examined on three occasions by generating 
-smoke outside the windows of the Debating Chamber and then observing 
its course within the Chamber. 


It has been found that the smoky air passing in through the windows is 
not altogether drawn up immediately through the ceiling by the extraet 
fan. Although a proportion 1s so drawn up, part of the smoky air is 
blown into the body of the Debating Chamber, and it has been seen that 
the Members’, Press, and Strangers’ Galleries in particular get fresh 
‘air from without, when the Debating Chamber windows are open. When 
gusty outside, the smoky air from without has been seen to be blown down 
through the windows on to the Speaker’s Chair and the Benches on the 
floor. | 


Opening of the windows in the Debating Chamber, therefore, un- 
doubtedly enables a number of persons in the Chamber to obtain more 
fresh air, but at the expense of Members on the floor of the House, because 
the pull of the extract fan upon the Equalising Chamber has been proved 
to be diminished by opening the windows of the Debating Chamber. 


5. Tue Dirviston LoBBIES. 


As was to be expected, a comparatively small amount of smoke was 
to be seen in the Division Lobbies during the tests in which smoke was 
generated at the Terrace inlet. 


6. Tue Retirinc Rooms. 


The atmosphere of these as a rule remained perfectly free of smoke 
during the same tests. | 


Inferences. 


Tests made by the smoke method confirm a conclusion previously 
arrived at from anemometer observations in the Debating Chamber, viz., 
that under present circumstances an undue proportion of Terrace air 
streams up the centre of the Debating Chamber through the centre gang- 
way. They indicate also that the supply of fresh Terrace air to the 
Permanent Officials’ seats and to the galleries of the Debating Chamber is 
imperfect. 


When the gangways are carpeted, the occupants of the seats over the 
floor area have a much better service of fresh air from the Terrace than 
when these gangways are covered with the present string matting. The 
service of Terrace air to the galleries, however, even with carpet on the 
ganegways, is still imperfect. 


The remedy in the case of the Permanent Officials’ seats is clearly 
to remove the carpet under these seats, or else to increase the area of 
operative inlet there in some suitable fashion. 


_.The remedy for the galleries at either end of the Debating Chamber 
1s to convey fresh air to them direct from the Battery Chamber. Shafts 
exist in the wall at each end of the Chamber that can be utilised for this 
purpose. | 


The present imperfect extraction from the ceiling of the Ladies’ and 
Speaker’s Gallery can be supplemented, or, if need be, replaced, by 
extraction through the grille. 
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The opening of the Debating Chamber windows when the ventilation 
is on, benefits persons present in some of the galleries, and may also benefit 
the Speaker and Members on the floor. 


The smoke tests showed that under the conditions examined, com- 
paratively little Terrace air passed into the Division Lobbies. This 
matter, however, has been previously investigated in much detail by the 
anemometer, and full particulars of the results are seen in the quantity 
section of the present report. 


The Retiring Rooms appeared to get no air from the Terrace inlet 
under the conditions examined. 


Filtration. 


Humidity. 


Warming 


Leakage. 


Debating 
Chamber. 


Division 
Lobbies. 
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SECTION VI. 


SUMMARY OF THE PRINCIPAL RESULTS OF PART II. OF THE 
} INVESTIGATION. 


I. QUALITY oF THE AIR. 


The washing screen at the inlet removes 62 per cent. of the bacteria 
from the Terrace air passing into the Debating Chamber system. 


The cotton-wool filter removes about 83 per cent. of the fine dust 
particles from the air. 


The washing screen has a marked action in the way of rendering the 
air of the Debating Chamber more moist. This appliance, however, is 
not adjustable enough to enable the humidity of the air passing to the 
Debating Chamber to be regulated with any nicety. Such regulation, more- 
over, is best attempted after, and not before, the temperature of the air 
has been artifically raised. 


The cooling effect of the screen is a welcome one during the summer 
months. Mr. Lempfert’s observations, however, show that some more 
powerful mode of cooling the air would be of advantage at that season. 


Dr. Aitken draws attention to the disadvantages of steam heating. 
Mr. Lempfert’s observations, while testifying to the good distribution of 
heat obtained, also raise the question whether the present apparatus 
satisfactorily meets the varying requirements of the Debating Chamber. 
The comparative value of the present mode of raising the temperature of 
the air has not been examined. 


The manner of raising the Terrace inlet adopted during last session 
has been proved to entail the transference of air from Refreshment Room D 
to the Debating Chamber. This particular mode of raising the inlet is 
therefore undesirable.* 


The leakage of basement air into the airway between the Terrace inlet 
and the input fan has been found to still obtain, but every effort is being ~ 
made to diminish this inleakage as much as possible, both by improving 
the fitting of the doors into the airway, and also by doubling each of these 
doors on the principle of an “airlock.” 





II. Quantity. 


Although ample for ordinary requirements, it has been found that 
owing chiefly to the resistance of the Terrace airway to the flow of air, 
the input fan is not sufficiently powerful to supply the maximum require- 
ments of the system. 


The extract fan, on the other hand, is too powerful. Under present 
conditions this extract fan when at its minimum speed extracts the Debat- 
ing Chamber in excess of the average requirements of the Chamber; and 
owing to the excess of exhaust over supply, it has been found that Terrace 
air forwarded to the Debating Chamber by the input fan is diluted by 
a varying amount of air drawn into the Chamber from the atmosphere 
outside the building. | 

The extract fan diminishes the flow of air from the Equalising Chamber 
into the Division Lobbies. The maximum amount of air that can be 
supplied to these lobbies under present circumstances is insufficient to meet 


— 








* The mode of raising the inlet here referred to hus now been discontinued. 
¢ The minimum of the extract fan has now been diminished so as to bring this fan 
into harmony with the input fan. 
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their maximum requirements. The extraction, moreoyer, from the Division 
Lobbies is more inadequate than the supply, and is not able at present 
to meet even average requirements. | 


The ventilation of the Commons Lobby is sufficient. 


It is proposed to diminish the resistance of the Terrace airway, so as to 
increase the volume of air indrawn by the input fan. 


It is also proposed to join the ceiling of the Division Lobbies to the 
extract fan, and thus by one remedy to diminish the too active pull of that 
fan on the Debating Chamber, and to apply this excess of energy for the 
purpose of increasing the ventilation of the Division Lobbies.* 


Ill. THe Distripution oF FrREesH TERRACE AIR WITHIN THE DEBATING 
CHAMBER. 


It has been found that owing in great part to faulty distribution of 
this air in the chambers beneath the floor of the Debating Chamber, the 
main volume of Terrace air under present conditions streams straight up 
through the centre gangway to the ceiling of the Debating Chamber. 


For a similar reason the Government block of benches above the 
gangways gets a larger supply of Terrace air relatively than the other 
blocks. 


When the string matting on the gangways is replaced by carpet, the 
service of air from the Terrace to Members sitting on the benches has been 
shown to be very greatly improved. 


If the valances of the benches are lifted entirely up, the whole of the 
air estimated to be passing into the Debating Chamber from the Terrace 
can be accounted for at the benches. 


Owing to the projection of the galleries, the main volume of fresh 
Terrace air appears to pass up to the ceiling of the Debating Chamber 
without being deflected to the galleries before it has reached the ceiling. 
The galleries least supplied with Terrace air are the Press Gallery and the 
Ladies’ and Speaker’s Galleries. The galleries at the opposite end of the 
Debating Chamber, however, also do not appear to get much fresh air from 
the Terrace. ' 


The minor structural alterations proposed in the Battery Chamber 
will enable this Chamber to be formed into a preliminary Equalising Cham- 
ber, and asa result all the gratings in the floor of the Equalising Chamber 
proper can then be utilised for the entry of air. 


The alterations referred to, as also the alterations suggested in case 
of the Division Lobbies are better specified as restorations. 


It will be possible to make use of shafts already in existence in the 
wall at either end of the Debating Chamber, and to supply fresh Terrace 
air direct from the Heating Chamber to the Ladies’ and Press Galleries 
and Press Rooms at the one end of the Debating Chamber, and to the 
Strangers’ Gallery at the other. . 


It is quite clear both from his book, and also from the arrangement 
of the air courses that Dr. Reid, the designer of the system, intended that 
fresh air should be supplied directly to the galleries. 

The recommendations briefly outlined above were submitted to the 
Committee in fuller detail and, after amendment, incorporated by them 
in the report which they presented to the First Commissioner of Works 
in June, 1906. 








* The ceiling of the Division Lobbies was joined to the extract fan during the 
Whitsun Recess, 1906. 
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SECTION VII. 


GENERAL CONCLUSIONS. 


Three problems were formulated at the beginning of -this ‘report as’ 
summarising the main points requiring investigation in reference to the 
ventilation of the Debating Chamber. These problems, and the solutions 
to them suggested by the investigation, are as follows:— 


I—The Relationship, if any, between the Ventilation of the Debating 
Chamber and the Spread of Influenza. 


There is reason to believe that the mode of infection in the vast majority 
of cases of influenza* is by the inhalation of particulate material dissemi- 
nated from the mouth and upper respiratory passages of a person infected 
with the specific micro-organism of this disease. Such persons are liable 
to give off the materies morbi when they cough, sneeze, or loudly articulate. 
According to a passage in the report of the Ventilation Committee,{ at 
a time when influenza was prevalent, Members still in a convalescent stage 
of the disease were present during a Debate. These Members would be 
liable to transmit the infection by giving off particulate matter in perform- 
ance of the acts above mentioned. 


At the time when the ventilation system of the Debating Chamber 
was designed, the object in view was the removal of the gaseous products” 
of respiration, and nothing definite was then known of particulate matter 
disseminated in the breath and liable to contain morbific virus. It is. 
hardly surprising, therefore, to find that, at the time when the experiments 
were made, the ventilation failed either to limit the spread of breath-borne 
particulate material, or to efficiently remove it from the Chamber. The 
speaking experiments with B. prodigiosus as index clearly show this 
to have been the case. The effect of the ventilation was to distribute the 
breath-borne particulate material over a wider area within the Chamber. 


It may be argued that the dispersion or dilution of the particulate 
material effected by the ventilation would diminish the liability of those » 
in the immediate neighbourhood of the infectious person to derive the 
virus. If so, it is also true that their salvation would tend to be effected 
to some extent at the expense of persons present in distant parts of the. 
Chamber. ) , 


But before these experiments can be applied as an absolute index of the 
effect of the ventilation on the spread of influenzal virus,t three admissions 
must be made. First, it must be conceded that B. prodigiosus was present” 
in the mouth of the person who spoke far more abundantly than B. influenze 
would have been present in the mouth of a person convalescent from influ- 
enza, yet well enough to attend a debate. Though an excellent. method, 
therefore, of demonstrating the spread of organic matter derived from: 
the mouth, the analogy of the results as an index of the spread of influenzal 
virus must not be pushed too far. Secondly, it must. be admitted that even 
if a Member convalescent from true influenza did attend the Debating 





* At present, at least two different infections are included under the general term 
“influenza.” Influenza Vera is clinically a severe disease, and is associated with the 
presence of B. influenze (Pfeiffer). A milder affection of a catarrhal nature is by no, 
means uncommon in this country, especially during the winter, and though frequently ~ 
ealled influenza, this disease is ‘distinct from influenza vera not only clinically, but also - 
bacteriologically, for the infecting agent in this case is micrococcus catarrhalis. The 
common cold would appear to be distinct from both the above infections. 

t First Report of the Committee, June 25th, 1903, page 36, question 678. 

{ The influence exercised by convection currents due to the presence of persons in the - 
Chamber has not yet been determined. . 
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‘Chamber, it is improbable that he would take an active part in the debate; 
and particulate matter is not given off from the mouth during silence, or 
even during quiet speaking. Thirdly, it must be admitted that the 
influenza bacillus is a highly delicate micro-organism that quickly 
tends to perish outside the body, whereas B. prodigiosus is of more hardy 
constitution. The longer distance to which the droplets were carried when 
the ventilation was in action, therefore, would probably be more destructive 
to the virus of influenza than was the case with B. prodigiosus.* Finally 
it must be borne in mind that since these speaking experiments were made 
the air-supply has been approximately doubled, and that under present 
conditions, therefore, the dilution is increased.t 


II.—The Extent to which the Air of the Debating Chamber is liable to 

Pollution from Material continually being brought in upon Members’ 
Boots, the exact Nature of such Material, and its Capacity, actual 
and potential, of producing Disease. 


(a) The Extent to which the Air of the Chamber is liable to Pollution from 
this Cause. 


Taken with other facts, the occasional detection of B. mycoides in air 
‘passing out of the Debating Chamber during Debates is evidence that the 
air of the Chamber derives particulate material from Members’ boots. The 
air obtains this particulate material on entrance through the floor of the 
Debating Chamber, and the part of the floor where pollution from material 
brought in on boots was chiefly found to occur was at the Centre Gangway, 
between the Bar and the Lobby door under the clock. After this spot, 
pollution from material brought in upon boots was found to occur chiefly 
behind the Speaker’s Chair, and at the side Gangways. 


(b) The exact Nature of the Material brought i. 


No evidence was tound of particles of sputum being brought in on 
Members’ boots from the public streets and pavements and communicated 
to the air. The chief pollution brought in on boots was fecal—probably 
horse-dung. 


(c) The Capacity of the Material brought in on Boots for producing 
Disease amongst Members. 


- This question is of necessity an exceedingly difficult one to gauge, 
Although the Debating Chamber has been in use for over 50 years, no 
-evidence appears to have been brought forward to show that actual disease 
has been contracted from material brought in on the boots. Bacteriological 
analysis of the material in question, however, and also index experiments 
with B. prodigiosus, distinctly emphasise the desirability of excluding 
pollution of the air from this source as far as possible.t 





* Tt has recently been shown that the pneumococcus when sprayed into air in 
‘minute particles of sputum, perishes in a short time owing to the combined influence 
of daylight and dessication (Wood, Journal of Experimental Medicine, August, 1905.) 

t The improved air supply would also tend to diminish susceptibility. 

{t The chief measures in force for reducing to a minimum pollution of the air of the 
Debating Chamber from material brought in upon boots are as follows :—The matting on 
the gangways is disinfected weekly. The Debating Chamber, Division Lobbies, and 
Equalising Chamber are dusted daily by hand with damp cloths, and the floors of the 
Debating Chamber and Division Lobbies are aspirated with the vacuum cleaner. When 
this instrument was first installed in 1904, the amount of dust extracted from the Debating 
‘Chamber during the first six weeks was 45 lbs. and during similar succeeding periods the 
amount extracted was 23 lbs., 17 lbs., and 14 lbs. respectively. The vacuum cleaning has 
now been extended to the libraries, minister’s rooms, corridor’s, etc., and the present 
weekly harvest of dust removed from all these sources averages 49 lbs. It may be of 
interest to add that during the last Whitsun Recess (1906) when the extraction of the 
Division Lobbies was joined to the Debating Chamber extract fan as recommended, the 
amount of dust removed from the space between the ceiling of the Division Lobbies and 
the floor of the Retiring Rooms amounted to 1 cwi. 0 qr. 8 lb. 
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Ill —The reason of the want of Freshness in the Air of the Debating 
Chamber, and especially the Nature of the Fault in the Ventilation 
causing in Members the undesirable Symptoms drawn attention to 
in the Report of the Ventilation Committee. 


The “want of freshness” was probably the result of a number of 
causes. A distinct improvement in the quality of the air of the Debat- 
ing Chamber, as judged by the subjective senses, was perceptible after the 
changes recommended by the Select Committee had been carried out; and 
as the quantity of air passed through the Chamber is now double as great 
as under the old conditions, and sometimes more than double, it seems 
clear that one of the chief reasons of the complaint was the deficient supply 
of fresh air. There is good ground for believing that further improve- 
ment in freshness of the air, not only in the Debating Chamber floor area, 
but in the galleries and also in the Division Lobbies, will be perceptible 
when the recommendations based on the results of the present investigation 
have been carried out. 


The improvement in the effective area of air-inlet to the benches 
brought about by alterations made in the floor in 1905, and described in 
detail in the preceding report, has also undoubtedly effected a marked 
improvement in the quality of the air over the back benches. Under the 
old conditions the air entry at this part was very deficient. 


The disadvantage of raising the temperature of the air without 
restoring some of its humidity has: also to be. taken into account in 
reference to this “want of freshness” in the past, especially during the 
earlier part of the session. 


Effects due to an excess of temperature and humidity of the air— 
effects upon which Fliigge and his associates have laid such stress—can 
be definitely excluded in the case of the Debating Chamber except during 
hot days in the summer months. The records have been examined as far 
back as 1896, and it has been found that, with the exception of occasions 
when the temperature of the air outside was so high that the appliances. 
at the disposal of the ventilating staff were incapable of cooling it down 
to within the limits compatible with comfort, the temperature of the air 
of the Debating Chamber has been uniformly maintained below the lowest 
point at which unpleasant symptoms have been found by Paul to be 
induced. ‘The observations referred to at the beginning of this report 
suggest that the enervating property which the atmosphere of the Debating 
Chamber may acquire on hot days in summer, especially if crowded, may 
be held in check to a considerable extent by increasing the draught of 
Terrace air throughout the Chamber. For this purpose, and also for the 
purpose of supplying the galleries with fresh air direct, it is essential that 
the volume of Terrace air which the input system is capable of supplying 
should be materially increased beyond the maximum at present obtaining. 
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